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THE GEOLOGICAL FORMATIONS OF IOWA. 
B\' CHAULl<;S IWI.UN KEYES. 
INTRODUCTORY. 
Geology is pre-eminently all economic seience. It 
comprehends all the fncts known in regard to the rocks 
and mineral contents of the earth. It considers all the 
uses to which these substances are applied. It points Ollt 
the calJUcities of all natural resources and indicates the 
best means of developing the mineral wealth of a region. 
At no time in the history of Iowa has the ecol1omi<;al 
value of her rocky deposits been fully' appreciated. Other 
interests have so overshadowed the industries connected 
with the develoPtllent of the natural resources that it is 
almost forgotten that our material domain is ono of the 
richest in t.he World. N atnre has 'done much j we ha\'o 
done but little. 
Few Iowans a.l'C not too busily engaged wit.h iheir own 
affairs to ponder for a little while tl~at they may see hO\~" 
important n part the mineral resources have played in t.he 
material adl'anc~ment of the State; how great will be the 
advantage of clc)ser attention to this subject. Laborer, 
merchant, al'tisQn, agr~cultul'ist, manufacturer, and capi-
talist, all are aff~cted by a knowledge of the natural pro-
ducts of the community. 
By their cOIltained ·fossils the stratified rocks of the 
globe nrc knO\\'II. In arranging the strata according to 
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theh' geological ages the geologist is ahle to predict what 
mineral deposits arc likely to be found in given beds j 
what· arc not to be cXlJectcd j and what ones 3l'e surely 
not present in qunn,tities of economic value. 
At the outset, then, it is desirahle to know which of 
the geological formations are represented within the 
limits of the State, Hnd which arc not j also to have some 
standard of comparison with the strata of other regions. 
The accompanying chart shows the general geological 
section of the rocks ,as represented in Iowa. (Plate ii.) It 
will be seen at a glance that the geological formations of 
the State are measurably complete. The distribution of 
cnch is shown on the map of the State given on plate i. 
Everywhere over Iowa spreads a thick mantle of drift, 
the debris left by the retreat of the great ice sheets of two 
different periods. The glacial deposits have such a great 
thickness in many parts of the State that the older rocks 
are completely hidden from view over'large areas. Much 
difficulty is thus encountered in attempting to decipher the 
geological features of these regions. Over most of the 
State, howeveJ', tl.lC streams, in cutting down their chan-
nels, have passed entirely tll1;ough the drift materials, and 
have exposed numerous sections of the indurated rocks. 
The accompanying sketch of the geological formations 
of Iowa is based chiefly upon personal notes 'made by 
Professor Calvin, who has given particnlar attention to the 
older rocks-Cambrian, Silurian and Devonian; and upon 
the observations of the writer, who has been l>rought in 
contact more especially with the Devonian, lower Carbon-
iferous and Coal :Measll1'es of the Stat~. Numerous ref-
m'ences have also been made to the information published 
hy White, and especially by :l.IcGee. 
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CRYSTALLINE ROCKS. 
Tho stmtificII rooks of Iowl! doubtless rcst at no very 
great depth upon the crystalline basement which is sup-
posed to' underlie all the sedimentary rocks of the globe. 
The upper zone of this great fundamental complex, com-
posed of granites, gneisses, gabbros, and· other igneous 
masses, is well exposed north of the State, in centralIlIill-
nesota and in Wisconsin. South of Iowa the nearest sur-
face exposure is in the Iron Mountain district of south-
eastern :Missouri. 
The only metamorphosed or massive crystalline rocks 
having n. surface exposure within the limits of Iowa are 
found in the extreme northwestel'll COl'llCl' of the State. 
The formation has long been known as the Sioux Quartz-
ite. According to Irving it ranges lithologically from a 
" loose sandstone to the hardest and most completely vit-
reous quartzite, the prevalent phase being a distinctly 
quartzitic one. The loosest and most completely indur-
ated portions are arranged in the most irregular relations 
to one 'lIlother. Occasionally they will be interstratified. 
At times the exposed portions will be completely vitrified, 
while helow artificial openings will display an 'entirely 
loose sandstone, suggesting an induration of the exposed 
portions by,,·eathering. In other cases,_ however, exactly 
the reverse of this will be met with, while-very often the 
more and less indurated phases pass into each othel' latel'-
ally by I'apid gradations, the two phases traversing the 
layel's and dovetailing into each other in the most il'l'egu-
luI' -manner. The prevalent color of the formation is l'Cd, 
hut the loosest vai'ieties' al'e often very-paIe-colored,-w-hile 
the rnost vitreous kinds fl'equently present ii very dark 
purple hue. In western nlinl1csota, a'nd again ill certain 
points of Dakota, there is associated with the quartzite the 
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fine clayey "ocks known as pipestone or catlinite. Inter-
mediate between this pipestone and the purely silicious 
quul'tzite are clayey sandstones and quartzites, often of a 
blotched appearance, and not a little resembling exter-
nally certain of the Keweenawan sandstones of Lake Su-
perior. So far as microscopic stmlies have gone these, 
rocks are in the main mixtures of red clay and quartz. 
Conglomeratic phase's of the quartzite are met with at a 
number of points, but no other rocks but those already 
luentioned have been recognized in t.his great formation." 
It. has been generally reported that no other crystal-
line rocks appear in the neighborhood of the Sioux Quart-
zite outcrop. It is of considerable interest, then, to know 
that G. E. Culver* has very lately discovered in the midst 
of the quartzite of southeastern Dakota, in lIIinnehaha 
county, withiu a few miles of ' the Iowa boundary, or more 
. accurately, in sections 15 and 22, range. xlix. west, town-
ship 101 nOl'th, a large mass of diabase exposed for fully 
a mile along one of the tributaries of the Big Sioux. 
H,obbs, t who has examined the intrusive rock micro-
scopically, finds it to be a well pronounced coarse-grained 
olivine diabase, with hornblende, biotite, ilmenite, and 
apatite present in addition to the plagioclase, augite, ancl 
olivine. 
The presence of this massive basic' rock of undoubted 
eruptive origin is very suggestivo of the agencies that may 
have been involved to some extent in metamorphosing the 
old Sioux sandstone. Further investigation will doubt-
less disclose other similar types of eruptives in the quartz-
"Culver and Hobbs: On a New Occurrence of Olivine Diabase in Minne-
haha County, South Dakota. (Trans. Wisconsin Acad. Sci., Arts and Letters, 
Vol. VIII., pp. 706-210. Madison, 18g2.) 
tLoc. cit. 
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ites of t.he neighborhood in nil thre. of the States already 
mentioned. . 
'fhe quartzite still has its plnnes of sedimentation 
clearly defined. It lies iu low foWs which are quite 
marked in places. 
Conceming the geological age of the Sioux Quartzite a 
number of different opinions have been expressed. 
From the first mention of this formation by Cntlin iu 
1837 in connection with the celebrated pipestone quarry 
untillBG6, when Hall eutered the region, no suggestion 
was made regarding the age of the flint-like mass. Nicol-
let visited the qunl'ry in 1838 and gnve 11 very complete 
description of the rock, but for nearly thirty years no 
specinl notice appears to have been taken of the place. 
Hall, though not seeing all the exposures, concluded that 
the quartzite heds must be Huronian iu age. Hayden,. 
who examined the rocks about the same time, thought he 
had ample reasons for regaroiug them as Triassic 'or Cre-
taceous. Iu connection with his work in Iowa, White 
was led to adopt Hall's opinion; while Winchell, approach-
ing the region from the Minnesota side, referred the hard-
ened sand-bed to the Potsdam-upper Cambrian. Still 
later Irving expressed his view to the effect that the Sioux 
Quart.zite was Huronian. 
Though very little informat,ion bearing directly upon 
the geological age of the indurated sandstones of the Big 
Sioux I'egion is yet available; certain recent observations 
on the geology of northwestern Iowa are not without 
interest. 
During the past few years a number of deep wells or 
borings have been made in different parts of the State. 
The depths reached are from 1,200 or 2,000 feet. Several 
1~.R(.p. 
\. 
t 
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of these deep borings nre of particular interest, as they 
pass through aU of the sedimentary rocks into the crys-
talline basement below, penetrating the latter in some 
cases to the extent of several hundred feet. A typical. 
gray granite has been l'ccognized in sqme instances; in 
others, different types of eruptive rock. 
The latest bOl·ing in the northwestern part of the Sta\<, 
is the well·at Hull, in Sioux county. At n very consider-
able depth several thick beds of flint-like rock were passed. 
through. The different beds of the rock were separated 
by gravels to the thickness of several feet, if the sample .. 
and records 31'e to be relied upon. Some of the flint-like-
fragments were sliced) and upon petrographical examina-
tion proved to be typical quartz-porphyry-a truly igneous 
rock, very acid in churacter, and essentially identical with 
granite, but cooling under somewhat different physical 
conditions. Under the microscope the ground-mass ap-
pears microgranitic, with large clear crystals of quartz and 
feldspar scattered through it. 
Now the presence of these undoubted eruptive rocks in 
situ at no very great distance below the su~face of the" 
ground in the northwestern p~ll't of the State, the exist-
ence of diabasic masses in the midst of "the quartzite mass 
itself, the folded and disturbed condition of the strata, all 
point to the great antiquity of the Sioux formation, as 
compared with other rocks exposed within the limits of 
Iowa. The inference is, then, that the rocks under 
consideration must be very much older than any others 
known within the boundaries of the State. 
It has been lately found that the exposures of Sioux 
Quartzite in southeastern Dakota are much more numer-
ous than was formerly supposed, and that the hardened 
sandstone has a much wider geographical distribution thua 
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has heretofore been assigned to it. In Iowa its outCl'OP is 
known twenty-five to thirty miles farther eastward than 
has been reported heretofore. rrhol"e nre large exposures 
in Lyon county, in the vicinity of Rock Rapids, where it 
is quarried. Borings indicate a llluch fm·ther eastern oc-
currence of these rocks. The Cretaceous covering apllears 
to be relatively thin to the northwest,,-ard, so that the 
quartzite outcrops of the Sioux Falls vicinity may really 
be regarded as a part of the southwestern extension of the 
great Minnosot.a complex of cl'ystaUllle rocks. 
No romains of fossils have ever been found in. the 
Sioux formation giving any indication of its geological 
age. 
Us.s.-Although quarried with considerable difficulty 
in places, much of the quartzite is jointed and cracked in 
such a manner as to make it possible to get it out readily 
in convenient sizes for handling. Being one of the most 
compact and most durable of building stones, it is rapidly 
becoming popular for architectural purposes thl'oughout 
the region. Churches and other buildings at Des Moines, 
Burlington, Council Bluffs, Sioux City, and Omaha, Ne-
braska, have been constntcted of this rock with very 
pleasing eHects. It has also been used with great success 
as a paving material, both in blocks and as macadam. 
The chief qnarries in Iowa are near Rock Rapids, in Lyon 
county, though the development of the quarry indnstry 
here is not so great as at Sioux Falls, South Dakota. The 
opportnnities and facilities for obtaining practically inex-
haustible quantities of the Sioux Quartzite, or "Sioux 
. Granite," as it .is perhaps more commonly called, are 
fully equal to those of the Dakota localities. 
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CAMBRIAN •• 
SAINT CROIX SANDSTONE. 
'fhis is the '( Potsdam" sandstone of most writers on 
the geology of the Upper Mississippi vaHey. The name 
here used was given by "Winchell to t.hose rocks of south-
eastern Minnesota and the adjoining portions of the 
lleighbOl'ing states regarded by Owen, Hall, White and 
others as the western extension of the Potsdam of New 
York. 
The strata of this stage are well exposed in the north-
eastern cornel' of the State, in the bottom of the gorges of 
the Mississippi river and its tributaries. It is everywhere 
in the region capped by limestone beds much more 
durable than the sandrock. The greatest exposed thick-
ness of this formation in the State is somewhat over 
250 feet.. Borings for artesian wells show the entire 
thickness to be not less than 1,000 feet. 
Lithologically the Saint Croix, as represented in this 
State, is largely all unconsolidated sand-bed, disintegl'at-
ing rapidly under the influence of weather and erosion. 
'l'hin argillaceous and calcareous seams are frequent.ly. 
dey eloped. In the adjacent states these seams assume 
more importance and form clayey shales and shaley lime-
stone layers, which often contain remains of trilobites. 
At Lansing certain thin beds of this formation are 
sufficiently indurated to furnish an inferior quality of 
building stone, which is quarried locally for rough 
masonry. In many places the sandstone is quite inco-
hermIt and is capable of furnishing large· quantities of 
coarse and fine building sand. Beyond the houndaries of' 
the State the light colored layers are used for .the manu-
facture of glass. 
Although manifestly a distinct formation from the 
ONEOTA LDIESTONE. 21 
Potsdam sandstone of the Appalaehian region, the Saint 
Croix contains the fauna of the Dikelocephalus zone, or 
upper Cambrian J and therefore may be regarded puleon-
tologically equivalent to the Potsdam of New York. 
No attempt has yet been made in Iowa to subdivide 
the formation into minor groups of beds. In 'Visconsin, 
whore the Saint Croix rocks assume much greater import-
ance than elsewhere J a number of subdivisions have been 
made out. The same is t,rue of Minnesota, where the 
rocks of this age are also much better developed than in 
Iowa. 
SILURIAN. 
ONEOTA LumSTONE. 
This has commonly been known as the Lower lIIagne-
sian limestone. Though exposed over only a small area 
in the northeastern cornel' of the Stu'te, it forms quite Ull 
important quarry rock. It caps the bluffs of the lIIissis-
sippi and its tributaries, rising in t.all !lull'al escarpments 
above the soft Saint Croix sandstone. The precipitous cliffs 
and castellated walls rise picturesquely above the heavy 
talus at the base of the canyons. Lithologically it is an 
impure dolOluiteJ wit.h occasional thin sandstone seams in 
the upper part. The rock is II coarsely saccharoidalJ fre-
quently vesicular and caVel'nons, and genel'all)T bu:fl~ yel-
low or light brown in color. To the tourist upon the Mis-
sissippi it is the lllost conspicuous among the formations 
of the bluffs; for like the Ningnl"fl, it well resists erosion 
and weathering, and is canTed by cOl'l'llsion into t,he pre-
cipitous salients und lllural" scarps over1ookiJlg the great 
river fl'O~l Clayton llo1,thw81'd. Its thickness ranges from 
over 300 feet nt tlLe Minnesota line to something more 
than 200 at its southernmost exposure; yet despite its 
prominence in the riYer bluffs and its considerable thick-
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ness, the terrane is' narrow. and the outcrops almost con-
fined to the canyon walls· of the Mississippi, the Oneota, 
the Yellow, and their minor tributaries. 
The·magnesinn and Ul'euaceous limestone to which the 
llame is applied is the principal member of· the vaguely 
defined series of beds which Owen in 1852 called the Lower 
].[ngnesian limestone. Owen's llaDle was retained by Hall 
in 1858, and ·by White in 1870; but more recent sttidies, 
particularly in Minnesota arid ",Visconsin, have shown that 
the St. Peter, the Lower Magnesian of Owen, and the Pots-
dam, comprise a series of sandstones, shales and magne-· 
sian limestones, representing continuous sedimentation 
from the later part of the Cambrian well into the Silurian, 
wbich are indeed often locally distinct, but which, never-
theless, are found to merge by interbedding, by gradual 
transition of sediments, ~nd by intermingling of faunas 
when viewed in a large way. The :Minnesota succession 
has been admirably worked out by N. H. Winchell, * and 
that of Wisconsin has been equally well elucidated by 
Chamberlin and his collaborators.t The formations rec-
ognized and the relations generally accepted by the geolo-
gists of both states are illustrateu and both series corre-
lated with the simpler Iowa Sel'ieB in the accompanying 
table: 
·Geo1. Nat. Hist. Surv. Minnesota, Final Rep., Vol. II., pp. 12-23. ISSS. 
fGeol. Wisconsin, Vol. I., pp. II9"-I44. 188,3. 
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SillmrCawbriml Formalions o/IViscOIISill. ,1Jinl1tsota. and If!wa. 
I. St. Peter Sandstone __ ._ 
Willow River Limestone ____ _ 
New Richmond 
Sandstone ____ _ 
Main body of Limestone ____ _ 
Madison Sandstone ____ _ 
Mendota Limestone ____ _ 
Calcareous 
Sandstone _ ". __ 
Shale. __ • _______ _ 
Fine Quart.wse 
Sandstone ____ _ 
Coarse Quartzose 
Sandstone _. __ _ 
IOWA. 
I. St. Peter Sandstone ) 
Sh~.kopee Limest'ne St. Peter Sandstone. 
3. White Sandstone __ _ 
4. Main body of Lime-
stone ____ •. ____ Oneota Limestone. 
r 5' Jordan Sandstone._ 
J 16. St. L.1.wrence 
-j Limestone ______ _ ~ r Sand and Sandy 
~ I Shales __________ _ 
iil l7•11 DresbachSandstone . Shales __________ ._ St. Croix Sandstone. 
Hinckley Sandstone 
The correlation of the first six members appears defi-
nite and satisfactory, though none of the formations arc 
uniform in composition and thickness throughout any 
considerable area in eithet' state, nor wero they probably 
synchronous in widely separated localities, save in a gen-
eral way_ The cm-ly Paleozoic continent rose and fell 
unequally_ The early Paleozoic ocean shoaled and deep-
ened alternately at each locality_ Sandstones were fo,.med 
there, and limestones everywhere, in over-varying succes-
sion as the relation of land and water changed_ In the 
lower part of the column, however, the conditions of dep-
osition were still more inconstant, and the deposits recog-
nized in the first two states respectively cannot be corre-
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latcd, nor can they be identified certainly in the alternating 
beds of sandstone and shale forming the part of the Pots-
dam exposed in Iowa. 
Formation No. 4 was designated the "main body of 
limestonelJ by Il'ving,* and the same term with like defi-
nition is usee[ by N. H. Winchell. This mass of dolomite 
constitutes the principal p'al't of the Lower Mag"nesian 
limestone of Owen, and is the sole remnant of his vaguely 
defined series for which the name might with any degree 
of propriety be retained. But the definition and' taxo-
nomic value of tho part are obviously unlike those of the 
whole. Owen's series has been abandoned by modern sys-
tematists; the term itself is objectionable in that its cor-
relative element has been meaningless since the division' 
of the original Upper :Magnesian limestone into three 
formations, und in that the lithological element is not 
strictly applicable, and so the name of the river upon 
which the rock-mass finds its· typical development, not 
only for northeastern Iowa but for the country at large, 
may be applied to the formation."t 
This rock is quarried principally in Lansing, "\Vaukoll, 
McGregor, and elsewhere in Clayton and Allamakee coun-
ties. It is also used in making lime.' Occasionally con-
sidentble amounts of lead ore are found in it, but as yet 
not in paying quantities. 
SAINT I'F,TER SANDSTONE. 
Overlying the Oneota limestone is a heavy bcd of pure 
silicious sandstone, ycry friable and with few lines of 
stratification. It is sometimes somewhat indurated, but 
as a rule-very incoherent. This is the formation that has 
long been. noted in the Upper Mississippi region under the 
"'Am. Jour:- Sei., (3), Vol. IX, p.442. 1875_ 
tl\IcGee:· U. S. Geol. Sur., nth Ann. Rep., pp. 331*333. Washhigton, IB93. 
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name ofthc "pictured" rooks, best exposed, perhnps, in the 
vicinity of McGregor. Along the boundary of tho State 
northward thin limestone layors are often intercalated. 
the most important of which has been named the Shako-
pec limestonc. In places this sand formation graduates 
downward by a rapid increase of calcareous matt~r into 
U1C Oueota limestone. Economically it is of considerable 
importnnce in Iowa, though furnishing no quarry rock of 
any kind. Many of the sand layers a1"O very purc and 
form a high grade of material for the manufacture of 
glass. A number of glass factories at Milwaukee and 
elsewhere have for seveml yom's been supplied with sand 
from Iowa localities. IrOll furnaces also use quantities 
of it. 
A chemical analysis by Prof. G. E. Patrick of a sample 
of this glass sand from the pits of "fr. J. H. Buhhl1an, of 
Clayton, shows the following results: 
Hygroscopic w.ater, loss at lOO" C~·~~~~_~~~~ ___ ~ ____ ~____________ .0:'14 
Combined water, loss byignition _________ ~ ___ ~__________________ .110 
Silica. Si 0,-----______________________________________________ '}8.850 
Iron oxide, calculated 9S Fe, Oa________ ________________________ -095 
Alumina, Al= 03-----------------------________ ~ __________ ~____ .460 
Lime, Ca O ____________________________________________ ~_______ .:ZlO 
Magnesia ________ ~ _______________________________________ ~ ___ _ _ None 
Alkalies and loss, by differellce _________________________________ .2iO 
TREi\'TON I.I.MESTONE. 
Contrasting sharply with the other Silurian Iimerocks 
of Iowa, the 1~renton is an ordinary blue limestone instead 
of a dolomite. For the most part it is a very COlnpact 
rock, though highly fossiliferous. Owing to its difference 
in lithological characters from the other Silurian lime-
stones it is honeycombed in places by cavities and caverns 
of greater or less extent. 'I It constitutes 3 conspicuous 
feature of the illississippi river bluffs from aboye McGregor 
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to near Eagle point, Dubuque, and occurs as the surfnce 
rock over all 01' part of tho counties of Allnmnkee, How-
IIrd, Winneshiek, Fayette, nnd Clayton. .The Trenton 
limestone is interesting to the scientist on acconnt of the 
number and beauty of the fossil remains inclosed in some 
of the .strnta. Here' occur the oldest. types of . life that 
have been preserved in any degree of perfection within 
-the limits of the State. The old Potsdam trilobit~. are 
few and fragmentary, and their structural charncters· are 
very oJ>scure. In the Trenton are found countless multi-
tudes of organic "emains literally crowded together, and 
retaining in .absolute· perfection every struc~ural fea-
ture, even to the minutest detail. .Owing to· the slight 
southerly or southwesterly dip, the strata pass succe~s­
ively below the level of the Mississippi river, and so just 
above Dubuque the Trenton limestone disappears from 
view."* It is quarried in nnmerous places throughout 
the counties mentioned, the fine-grained lay'ers producing 
bnilding stone of great durability. Lime of very good 
quality is made from this stone. Certain of the clay 
shales afford good material for the mannfaeture of light 
colored brick. 
GALENA LIMESTONE.· 
Overlying the Trenton limestone hi northeastern Iowa 
is a heavily bedded brown dolomite which attains a maxi-
mum thickness of between two and three hundred feet in 
the vicinity of Dubuque. In many places it is very 
coarse, .vesicular and unevenly textured, and frequently 
contains some cherty matter. The entire bluffs at Du-
buque are formed of this limestone. Some sandy material 
is present in different portions of the formation. The part-
*Calvin: Iowa: Notes on the Geologica.1 Fonna'ions. pamphlet, p. 5. 1883. 
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ings are usually argillaceous and are more massive IIlId 
impOl·tant towar(I the top where the formation gradually 
passes into the overlying shales, as shown by Chamberlin. 
The conditions of tho deposition arrived at in southwest-
ern Wisconsin ami vicinity were changed somewhat from 
those tbat had existed duriug the Trenton. This change 
was quite important. "As the strata now.lie they form a 
low arch having a north and south axis extending through 
the center of the State, broad at the north, but narrowing 
and dying aWIlY at the south. The· strata on the eastern 
side slope toward Michigan, which occupies a broad strati-
graphical depression; on the west toward Minnesota and 
Iowa, which occupy a similar basin on that side. During 
the epoch on which we are now entered these broad fea-
tures apparently begin to be developed. Snbsiding .gulfs 
commenced to form on the east and west, with the Wis-
consin axis projecting southward between them. While,' 
therefore, limestone continued to be deposited, it was 
modified by these conditions. Over the low arch in the 
southern portion of the State there accl{mulated coarse-
grained, rough, uneven-textured, thick-bedded, more or 
less cherty, and often brecciated, dolomitic deposits which 
have received the designation Galena limestone."* 
One of the most characteristic features of the Galena 
limestone is the surface fissures which· everywhere trav-
el'se the formation. Sometimes they are mere vertical 
cracks or horizontal partings of the strata, but often widen 
out into broad cavities. In these openings are found the 
lead and ZillC ores ofthe region. The metallic ores taken 
from this limestone form perhaps one of the most import-
ant economic characters; and it was the Dubuque region 
"GooJ. W'lSConsin, Vol. 1" p. 1650 Madison, 1879. 
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in which tlie lead ore of the Upper lIIississippi valley was 
first mined in a systematic· way. 
The Galena Iimeston~ fnrnishes a considerable qnantity 
of good materinl for heavy masonry. The chief quarries 
are located at the city of Dnbnqne, thongh everywhere 
thronghont its geological range the rocks are adapted and 
nsed for ordinary bnilding pnrposes. A superior quality 
of lime is also manufactured from this rock. 
MAQUOKETA SHALES. 
Along the entire western slope of the Turkey river, 
and below the mouth of that streain on the Mississippi as 
far as QIinton connty, there is exposed between tlie Galena 
limestone and th"Niagara an extensive bed of bluish or 
greenish ·clay shales. Disintegrating readily under the in-
fiuences of weathering, these shales allm .. the massive 
overlying dolomites to form a bold mural escarpment, 
which extends the entire length of the Turkey river. 
This escarpmenp sweeps around behind Dubuqne at a dis-
tance of six or seven miles and strikes the Mississippi,a 
short distance above Bellevue. The shales have not been 
reported. north of the Iowa boundary. Beginning at a 
point in Winneshiek connty about twenty miles from 
the Minnesota line the lIIaquoketa shales have a thick-
ness of a dozen feet. or more. This thickness rapidly 
increases till at its southernmost exposure it attains a 
verticnl measurement of more than 125 feet. At Dubuque 
a few feet of these shales are ·seen in isolated patches 
on the. snmmit of the bluffs. For the most part these 
shales form alternating bands of dark and light colored 
cloys with occasional thin seams of impure limestone. 
On the upper lIfaquoketa, where the typical locality is 
located, the shnles are highly charged with many species 
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of fossils, rrhis fOl'ffintion is of small economic import-
ance unless the clays call be utilized in the manufacture 
of brick and potter~'. 
UPPBR SILumAN LI1IESTONES, 
One of the most important topographical features of 
n~n'theastern Iowa is what is known as the Niagara escarp-
ment, which rises in bold prominence along the western 
slope of the 'flukey rivo1' and continues southward along 
the :Mississippi nearly to Davenport. The upper Silurian 
limestones in Iowa have a very considcl'flble thickness. 
They al'e massive dolomites, yellowish or brown in color. 
Although presenting great uniformity in texture there are 
locally large amounts of cherty material in bands or irreg-
ular nodules. Silicious material i!:i often seen dissem-
inated in fine particles throughout the rocks, but for the 
most part it is concentrated into the masses already 
referred to. 
Chemical analyses of the limestone itself show that 
most of the formation is a very pure magnesian limerock, 
or dolomite, with scarcely any foreign material. In cer-
t~in layers the percentage of lime and magnesia vary 
s01newhat. In a few cases the latter is almost entirely 
wanting and the beds assume the phase of a normal lime-
stone. 
From its southern exposure, where it is thought to 
attahi a thickness of perhaps 500 feet, it rapidly thins 
out northward until just beyond the Iowa-lI1innesota 
line, where its vel,tical measurement is very iusignifi· 
cant. At the southern end it is very heavily bedded. In 
many places the inclination of the bods is very consider-
able, sometimes as high as sixty degrees. Lying directly 
upon the inclined strata are often seen perfectly horizon-
tal beds. (See plate iii. of the Quarry of the Sugar. Creek 
30 GEOLOGICAl. FOH:\IATIONS OF IOWA. 
Lime Company.) At first sight it appears as if there were 
a DlI,l.1:ked.':llncohforn)ity. Fro'm the B?iamiIiation of some 
of the .exposures it seellls nlOre probable that the apparent 
dip is in reality' false bedding on a' l.a1·gB scal~. In some 
cases it Inay, be that very decided 'distilI'bances have 
occurred in the strata. 
The exact subdivisions ';f the up'pe~ Silurian rocks in 
Iowa are yet somewhat uiisettied. H;lI, in 1858, regarded 
the limestone as made ural' all upp~r membe~ which he 
termed t,he Le qlu!r"e -~im~~to~e, and a .lower portion, 
whicJ:1 was regarded as the ~a~e f~rnlation in New York to 
which the nume Niagam j;ud 'been applied. With the ex-
ception of White, all geologi~ts who h~ve examined the 
upper SiliIrian.str~ta in Imva regard these rocks ~s.·mad" 
np ot' at least two distinct formations.' At present these· 
subdivisions differ greatly, not only. faunally, but in a less 
murked degree in their stratigraphical and lithological • 
characters. For the reasons.' set forth' above, Hall's Le 
Claire appears a desirable term for the upper member as 
n~w underst?od.; while_Niagara, for the pre~entJ will b~ 
retained for the lower member. For the latter term solfte 
other name will. probably have to' be substitut~d after a 
further investigation of thes~ rO,cks ba~ b~en m~de. 
Uses.-Perhaps ilO other geological formation in the 
State furnishes a better quality of building stone for gen-
eral purposes than the upper Siluri~n strata .. k great ex-
tension of these rocks, both in thicknes's' and su~face area; 
make· the supply ineJ;:haustible. It Jorms, also,the .best 
lime in tIle world. 'fbis industry in the State h'as already 
beguil to assume' very considerable propo~tio~s. The prin-
cipal varieties of this rock, and its chief quaiities, as re-
ported by McGee;" are as.foll(JWs: "The p.ortioIIs exten-
*loth Census U. 5;, V~1. X.; Rep. Building Stones,'p, 263 .. Washington, 
1885. 
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sively utilized for building material are either regularly 
and rather headl)' bedded, and distinctly jointed, finely 
saccharoidal, homogeneous, and tough, and of bull', light 
brown, or whitish color, as at Farley, I.e Claire, Little-
port, Volga, Cascade, Clay Mills, Maquoketa (in part), 
.Buena Vista (in p01't) , Princeton, and in most of the 
smaller quarries of Clayton, Dubuque, Jackson, and Scott 
counties i finely laminated horizontally, distantly jointed, 
and withont dry seams, finely saccharoidal and tough, and 
of buff, yellowish, 01' whitish color, as at Anamosa, Stone 
City, nlount Vernon, Olin, Hale, Fairview, and Buena Vista 
(in part); heavily bedded 01' massive, distantly jointed, sac-
charoidal, moderntely tough and firm and brown, brownish 
buff or brownish yellow in COlOl', as at the Williams qunrry 
(between Pottsville and Clermont), Waucoma, Cresco, 
BraiIlRl'd, and Foreston; irregularly bedded and jointed, 
somewhat friable, finely vesicular, imperfectly homogene-
ous, and varying from brown to white in color, as at Clin-
ton, I,yons, Comanche, and Sabula (in part); tolorably 
regularly but variably bodded and distantly jointed, 
though with occasional dry seams, firm, hal'll, and some-
what brittle, buff 01' light buff, with veinings of oxide of 
maganese, asat Delhi, i\Ionticello, Central City, Maquoketa 
(in part), Sabula, Dc Witt, and Tipton; or, finally, tolerably 
regularly bedded and not distantly jointed, fine, compact, 
homogeneous, hrittle, and blue 01' light blne in color, as at 
:lIfanchester, where alone this aspect has been seen. In 
nearly all of these places the rock discloses occasional dry 
seams which are generally straight, diagonal to the joint-
ing, vertical and discontinuous, often terminating in both 
directions in a single block; which seams may be partially· 
or wholly cemented by crystalline calcite 01' dolomite, 
generally stained with iron oxide, and never simulaterre.l. 
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fractures. They are seldom abu';'daitt ,iu large quarries,. 
but are nearly everywhere a source of annoyance to the 
quarrymell, since they are, mos~ likely to occur in the 
larger blocks." 
DEVONIAN. 
The Devonian rocks of Iowa foi'm a broad belt fifteen' 
to twenty-five miles on each side of' the Cedar river, and 
are made up chiefly of massive limestones with some dol-
omites. Although -one of the most important geological 
fOl'mations in the State, its geology requires much addi-
tional investigation before it is clearly understood. Prof. 
S. Calvin has given more attention to these rocks in 
Iowa than perhaps any other investigator. The following 
paragraphs on the Devonian of the' State are taken 
chiefly from his notes. Foul' subdivisions of the Devon-
ian will be here recognized as represented in' Iowa. The 
Cedar Valley limestone probably will reqnire further sub-
division, as the name is applied to nearly all the limestone 
formations of Devonian age in the State. So· much has 
been already said concerning the correlation of the Iowa 
Devonian beds with the eastern formations,' and so great' 
is 'the existing confusion, that no attempt will be made to 
name their equivai;mts in the New York section. 
INDEPENDENCE SHALES. 
These beds were' first investigated in 1878, in Buchanan 
county, by Professor Calvin. They consist of dark car-
bonaceous clay with thin bands of impnre concretionary 
limestone. They were first' exposed in working out the 
lower layers in the limestone qnarries near Independence. 
The quarrymen penetrated the shales to a considerable 
depth ,in the hopes of finding coal. The shale varies 
somewhat lithologically, but where "it presents its m~st 
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characteristic features it is aI'gillaceous, fine-grained, 8ml, 
highly chnrgcd wUh bituminous mntter. In some of the· 
beds there ore remoins of plouts-stems of lepidodendrons 
lind sigillarids-~hat made up the forests of the Devonion. 
The plants, however, nre very imperfect, the form ani), 
I>eiug partinlly preserved, mainly by iron pyrite. The. 
woody tissues of the plants have been converted into coal 
that occupies thiu irregulnr seams among the laminm of. 
pyrite. The little bands of coal vary in thickness, but: 
none of those observed exceed a quarter of an inch. None, 
of the plants are perfect enough to render generic or spe". 
cific identification possible. 
The discovery of shale charged with the carbo)lized, 
stems of plants below the Devonian limestone of Iowa is, 
a matter of much interest. Frequent reports have gained, 
circulation of discovery of coal in drilling weUs in regions 
occupied by Devonian rocks, From Jesup, Janesville;. 
:Marion,. Davenport, and' other places, such. rumors have: 
gone out. In one or two cases shafts have been dug at. 
cons~derable expense, necessarily ending in disappoint,. 
ment and failure. 
The discovery at Independence accounts for these re-. 
ports. In drilling through the limestones,. the lower· 
shales, with their carbonized plants, were reached, and th!>, 
dark color of the borings, mixed with fl'Rgments of real. 
coal, naturally enough gave rise to the impression that a 
ventable coal mine had been found. 
It is to be noticed that all the places from which' such 
reports have come stand near the eastern ontcrop of the, 
Devonian, where its entire thickness could be pierced at.a. 
very moderate depth. The number and position of such 
localities would show that the shale in question is not Q-
BG.Rep. 
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merc local deposit, but is distributed all along the outcrop 
of Devonian rocks in Iowa. A considerable number of 
fossils have been found in these shales. 
It is an interesting fact that of the twelve determinable-
species of fossils found, six occur only in the shaley depos-
its at the opening and close of the Devonian, notwith-
standing these deposits are separated by 150 feet of lime-
stone. Only one species is known to pass from the lower" 
shales into tho limestones above, and even there it appears. 
under a fOl'ID so altered that specimens from the two beds 
may be distingnished as readily as if they were distinct 
species. If we take form and surface markings into ac-
count, Atrypa, ,·etieu/a,ri. of the beds in question also finds 
its nearest representative, not in the limestones immedi-
ately above, but in the shales at Rockford." 
Obviously, then, the Independence shales are more-
nearly related to the Lime Creek beds than to any other 
for~atioll in Iowa. The species in the basal member of 
the Iowa Devonian seem to have disappeared with the 
uBh~l'ing in of conditions under which limestones were' 
formed; they maintained themselves in some locality 
which has not been discovered, or from which the shaley 
deposits have been entirely swept away, and returned with 
the return of conditions favorable to their existence during; 
the deposition of the Lime Creek shales. 
CEDAR VALLEY U}.fESTONES. 
The first geologieal name applied to the Devonian 
limestone of Iowa was that of Cedar Valley, given bJT 
Owen* in 1852. MeGeef has so recently given a historical 
sketch of the taxonomy of this formationihat it seems 
"'Rep. Geol. Sur. Wisconsin, Iowa, and Minnesota. 1852. 
tU. 5. Geol. Sur., uth Ann. Rep.) p. 314. Washington, 1893. 
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undesirable to give 11 fuller review of the subjeet in the 
present coimectioll. His remarks 8rc us follows: 
uThis formation is olle of the most extensiyely distrib-
uted within the .territm'y [of northeastern Iowa], and it is 
at the same time the most widely diverse in lithologic, 
paleontologic, and structural characters. -Thirteen distinct 
lithologic phases havo been enumerated elsewhere,* and r 
as it will appear later, the paleontology is equally diverse. 
It consists predominately of limestones, mnging from 
pure to argillaceous, dolomitic, or perhaps carbonaceous; 
sometimes it is regularly divided by smooth bedding-
planes; again it is massive, elsewhere finely , laminated, 
and frequently brecciated in a peculiar mannel' j SOllle-
times the strata fire horizontal, but elsewhere· they are 
locally inclined to every point of the compass, and at all 
angles up to ten or fifteen degrees, aud sometimes the mass 
is so ]'ichly fossiliferous that well preserved fossils may be 
collected by the bushel, wbile again it is quite destitute of 
fossils over wide a]'eas. The thickness of the formation can 
only be estimated· roughly, aud the extent of the terrane 
cannot accurately be determined by reason of the heavy 
mantle of drift, particularly in the southwest, 
The contact between the Cedar Valley limestone and 
the superjacent shales is nowhere well exhibited; neither 
is the contact between the Devonian formations and the 
overlying Lower Carboniferous anywhere clearly exposed, 
The outliers of the coal measures repose unconformably 
upon and fill cavities within the limestones at the known 
points of contact in Johnson, Muscatine, and Scott COUll-
ties, The contact with the subjacent Niagara limestone is 
expo~ed at two points, namely, in the northwestern part of 
"Rep. lOth Census U. S., Vol. X, pp. 261-263_ Washington, 18&t. 
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Fayette, and in the left bluff's of the Wapsipinicon, be~ 
tween Central City and Paris. 
In 1858 Hall referred cel'tain "gray and yellow sand-
stones, with shaleyadmixtures and'shaley partings, which 
exist at numerous points on the Mississippi river, below 
Davenport," associated with t.he Devonian limestone, to 
the Chemung, * and at the same time he l'Oferred the lime~ 
stones themselves to the Hamilton and the upper Helder~ 
bel'g,t and certain laminated shal~y limestones underlying 
the latter to the Onondaga.! In 1860 White recognized 
the general equivalency, but denied the exact contcmpora-
neity of the former beds with the Chemung, as developed 
in New York;§ a year later Meek and Worthen referred 
at least a part of the same beds, which they designated 
as Kinderhook,1I to the Carboniferous. Worthen re~ 
tained the classification in 1868, 'IT and in 1870 White re~ 
ferred all the Devonian strata of Iowa to the HamiIton,t* 
Subsequently Hall and Whitfield investigated the Devon-
ian rocks of the northern part of 'the State, and corre_ 
lated the shale occurring at Rockford and Hackberry, 
and certain beds at Cedar Falls, with the Chemung, the 
limestones at Waterloo with the upper Helderbel'g, the 
white limestone at Raymond with the Schoharie, and 
t,he limestones and shales at Independence and Waverly 
with the Hamilton.tt After a study of the rocks and 
fossils extending for severai' years, Calvin, in 1878, called 
attent.ion to the tripartition of the Iowa Devonian into 
"*Geol. Iowa. Vol. I, pp. 88-91. 1858. 
tIbid, pp. 81-85. 
fIbid, p. 76. 
Hour. Nat. Hist. Soc., Vol. VII, pp. 209-226. Boston, 18600 .. 
IIGeo!. Sur. lllinois, Vol. I, p. 109. Springfield, 1866. 
flAm. Jour. Sci., (2), Vol. XXXIt, pp. 113-228. New Haven, IS6i-:-~ 
t~Geol. Iowa, Vol. I, p. 187. 1858. 
tt23rd Regent's Rep. New York State Cab. Nat. Hist., pp. 223-226. 1873: 
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the shales exposed on Limo creek, the groat limestone 
series, and a dark shale found beneath the limestones 
at Independence and elsewhere; but he followed White 
in referring the three divisions to n. single fOl'matioll-
the Hamilton.* In 1880 Barris pointed out that tho De-
vonian strata at Du\rcnport comprises n series of clearly 
diffel'entiated beds with one or m.ore unconformities; 
and that while one of the beds appears to correspond 
wit.h the Hamilton of New York, t.he genoml affinities 
of the fauna of another seem to be with the fossils of 
the Corniferous or upper Helderberg.t A few years later, 
H. S. Williams, after an elaborate study of the Devoll-
ian faunas of the United States, concluded that the Lime 
Crock beds are" equivalents of the Chemung period de-
posits of. the east ;"t and subsequently that lithe exact 
relation of the Lime Creek Iieds amI other deposits of 
the west is not satisfactorily detcl'mined."§ In the same 
year Culvin correlated anew the Iowa and New York 
faunas, noted' new di.scoveries which "would seem to 
indicate that the Lime Creek beds are equivalent to the 
Nm'~ York Chemllng/ 1 but conceded that" the mingling 
of upper Hud lower Devonian features in t.he IJime Creek 
faunu, and in nIl the Devonian fauna as well, leaves 
the question of exact equivalency still doubtful."l1 
Quite recently H. S. Williams has pointed out that 
"the relation of the Rockford (Lime Creek) shale fauna 
and that of the yellow sandstones of .Muscatine * * * 
is with Uw fauna of the Ithaca group of New York and the 
<i<Am. Jour. Sci,. (3), Vol. XV, pp. 460-462; and Dul. U. S. G.eoJ. & Geog. 
Sun'. Terr., Vol. IV. p. 727. el seq. 1878. 
tProc. Da\'eilport Acad. Sci., Vol. II, pr. 261-269. and 282-283. 1880. 
tAm. Jour Sci., (3), Vol. XXV, p. 163. 1883_ 
~Ibi~. p. JII. 
Ulbid, p. 4J6. 
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east/'* and since, as long since shown by Calvin, the fnu-
nas of the summital aud basal shales of the Iowa Devon-
ian are substantially identical, this reference applies 
equally to the subjacent limestones with their large and 
locally variable faunas. 
The "gray and yellow sandstones" associated with ti,e 
limestones below Davenport, and near the present village 
of Buffalo, referred to the Chemung by Hall, in 1858, were 
supposed by him to be equivalent to the sandstones near 
Burlington, which were in 1861 shown by 1>feek and Wor-
then to be Carboniferous, and included in their Kinderhook 
formation;t and White in 1870, accepting Hall's correla-
tion of the Buffalo and Burlington sandstones, as well as 
the determination of the age of .the latter by Meek and 
Worthen, referred the sandstones of Muscatine county to 
the Carboniferous;t and Hall,§ Williams, II and Calvin~ 
accepted that reference. Recently, however, Calvin has 
l'einvestigated the matter. He ascertained that the char-
acteristic fossil of the Buffalo sandstones, Spi1ijel'a capa:.r;, 
is but an intel'n.l cast of Spirifera panyana, and showed 
t.hat this fossil is associated with many other characteristic 
Devonian forms. These sandstones contain absolutely no 
Carboniferous remains, and thus it is demonstrated that 
these beds belong to the Devonian system, and probably 
to the Hamilton formation.t* 
So the Devonian rocks of Iowa have been referred to 
the Kinderhook, Chemung, Ithaca, Schoharie, Hamilton, 
*Am. Geologist, Vol. 111, p. 233. 1889. 
tAm. Jour. Sci., (2), Vol. XXXIII, pp. 173-228. 1861. 
tGeol. Iowa, Vol. I, p. 189. 1870. 
~Rept. State Geologist New York, pI. 52. 1882. 
I!Am. Jour. Sci., (3), Vol. XXV, pp. 97-J04. 1883. 
1jNoles on theoGeological Fonnations afIowa, p. 7. 1885. 
t*BuT. Lab. Nat. Hist., State Unh'. Iowa, pp. 7-18. 1888. And Am. Geo!., 
Vol. JJJ, pp. 25-J~. 1S89. 
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{Jorniferous, and Upl,.r Helderberg; and even if tho ques-
tion be narrowed by excluding the Hackberry shales and 
the Independence shales, and by accepting Calvin's correc-
tiOI~' of the erroneous reference of t.he Buffalo sandstones, 
"it remains true that pal'ls or all of the limestone series 
llave been refel'l'ed to the Chemung, the Schoharie, the 
Hamilton, the Corniferous, and the Upper Helderberg. 
Yet the stratigraphic relations of the fossiliferous beds gen-
-erally indicate continuous deposition, the only noteworthy 
unconformity being that recognized at Davenport by Bar-
1'is.* It is therefore manifestly ullwise to correlate either 
the limestones alone or the entire series of Devonian stl:ata 
with any of the New York divisions; and while the shales 
may be discriminated on both lithologic and paleontologic 
grounds, it is not now possible (and perhaps it never will 
be possible) to separate the limestone series into distinct 
formations or into individualized beds of more than local 
"alue. They. may accordingly be treated as a unit, and 
may take an individual naum; and it seems expedient to 
recur to the designation originally proposed by Owen, and 
rechristen the entire -series of calcareous Devonian sedi-
ments stretching from the Minnesota line to lIluscatine 
county, in a belt fifty miles in average width, the Cedar 
Valley limestone. J1 
Uses.-Some of the most valuable buil<ling and orna-
mental stones occurring in Iowa are of Devonian age! Per-
haps the be"st limestones for heavy masollry are those quar-
Tied on the Iowa river, about ten lniles north of Iowa City. 
The old State House at 101l'a City, and the basement of the 
llew Capitol building at Des lIIoines were constructed of 
this rock. Unlimited quantities of good building stone are 
accessible in the Devonian rocks throughout their exposed 
"Proc. Dav. Acad. Sci., Vol. II, p. 265. 1880. 
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01'00. Abundont' supplies for the manufactme of quick 
1imc aI'£! IJ1'CSent eYel'Ywll(~l'e, but the quality of liti:lO is not 
-os good as that furnished by the Uppel' Silurian stratn. 
The character of the quurry rock is shown in the accompn-
'hying view. (Plate iv.) 
UONTPELIER SANDSTONE. 
Oile of the most 'important geological pl'oblems that 
'~a~ been solved in Iowa of recent years. is the correct de-· 
.termination of tlie geological age of certain arenaceous 
·beds in ,1lIuscatine county. This sandstone hod been cor-
'related ,vith beds exposed fifty miles to the southward in 
.tlie vicinity 'of Burlington, Iowa. The latter were subse-
quently found to belong to the lower Carboniferous, and it 
Was taken for gmnted that the Jlfuseatim; beds were also of 
,the same agil; consequently they have all been referred to 
the Kinderhook epoch. Calvin*has recently found a very 
i:txtensive fauna.in the :l\Inscatine county sandstones refer-
.red to the Kinderhook. The fossils are all' chamcteristic 
Devonian species. 
"The Hamilton limestone of Buffalo, with its peculiar 
association of fossils, disappears beneath the level of th" 
rh'er'at ordinary stages a short distance below Montpelier, 
in llluscatine county. The last seen of it in that inlllwdi-
ate region is a lo·w ledge 01' reef exposed at low water, and 
running out into the ·:Mississippi river 11 hundred yards 
or more, at a point almost directly in front of the pr~seut 
residence of'Mr. G. W. Robinson. If, however, the bank 
of the Mississippi is foHolved, the..., is fOUlld, a short dis-
tance above the mouth, of Pine creek, an exposure of yel-
lowish sandstone with interstratified shaley beds. The 
posit.ion of this sandstone leaves no doubt as to its rela-
*Am. Geologist, Vol. III, pp. :25-36. ~linneapolis, IbS9. 
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tions to the Hamilton limestone. Although along the 
river - the contact is not· seeu, tho sandstone is O\~idelltly 
811poriulposed 011 tho limestone. 
Up to the present time no one, so far as is knowll, has 
called into qliestion the propriety of assigning the yellow 
sandstones above the mouth of Pine creek, in lluscatine 
county, to the same horizoll as the yellow sandstones at 
Burlington. Hall's statement as to their equivalency has 
been accepted as final, ~nd when the sandstones of Bur-
lington were transferred from the Chemung periml to the 
Subcarb4?niferousJ by common cOllsent, the Spirifor-benr-. 
ing sandstones of lIluscatine county were supposed to be 
similarly transferred. White speaks of the Kinderhook 
beds as striking the lIlississippi river at ~Iuscatine. 
Repeated excursions have been made to the region nelir 
the mouth of Pine creek, attracted first by unusual faclli~ 
ties offered for collecting boautifully preserved casts of the 
so-called Bl'i"(f"'q, c"pax, and afterward by the desire to 
study anew the stratigraphical phenomena of the region. 
A very casual study !,f the facts now available in deter-
mining the geological problems of the region in question 
is sufficient to demon'stmte that the Spirifer-bearing sand-
stone at Pine creek is not the stratigraphical equivalent of 
the Kinderhook sandstone at BUI'lington. The two sand-
stones do not belong to the same period, nor do they even 
belong to the SRme age. :i.\Iol'e than a thousand specimens 
of ,'Jpir{fera capax have been handled, the specimens occur-
ring in the forn; of casts in the supposed Kinderhook 
s~mdstone.. Impressions' of the external surface of the 
shell are often yery perfectly presen'ed, revealing every 
detail of surface-marking. From the 'study, of such an 
. array of material, showing every phase and character of 
the species, there can be but one conclusion, and that is. 
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that S:pirifcra ~apa", is simply the cast of Spin/era parryalla 
Hall, a species more or less common in the limestones _ at 
Buffalo-limestones that Hall, and Owen"and Shumard, 
,vith the full concurrence of all geologists who. have exam-
ined the region, referred to the hori~on of the .. HamUton 
group of New York. 
Associated with the cast~ of Spirijera parryana (S. 
capa",) in the sandstones about Pine creek, occur the-casts-of 
lIuch typic~1 Devonian species as AlJrllPa .-et;cularis Linn., 
Spin/era aspe"a Hall, StropT,odonta demissa Conrad, Orthis 
i11'pr68sa or Orlhis ;OW6118;' Hall and. many. other well 
'known brachipods. There is not a single Kinderhook 
species in the entire beds, so far as observed, nor is there 
a species that could by any stretch or reasonable allow-
ance be regarded as a representative of any of the Carbon-
iferous gronps. On the contrary, all the species are iden-
tical with species occurring in ~he Hamilton limestones at 
Buffalo, Pine Creek Mills, Hanson's- quarry at Atalissa 
and all other points where limestone co;'taining Spin/era 
-parryana is exposed. -
The yellow sandstones above the mouth of Pine creek, 
therefore, ,are of the same age 8S the limestones near Buf-
falo., They are not even Chemung unless the limestones 
are also Chemnng; much less are they Lower Carbon-
iferous or Kinderhook. 
No Kinderhook or Lower Carboniferous of any kind 
has, yet been obsel'Ved in the region above Piue creek, in ' 
:III uscatine county. - A very complete section of the .rooks 
of the region may be studied -iiI the bed and banks of 
Robinson's creek, a small stream emptying into -the Mis-
sissippi a shoit distance below :l.Iontpelier. Near the 
mouth- oOlie creek is the ledge of limestone already men-
tioned as exposed at low water; and extending out into 
SECTION ON HOBINSON CHEEK. 43 
the river for more than a hundred yards. ~his limestone 
is the same as that found at Hanson's qUflny, Pine C,'eek 
~Iills, and many other points, and is characterized by the 
presence, among others, of the following fossil species: 
Spirifero. parryana, S. aspera, Atrypa "elieu/ari;;, and Athy-
ris vi/lata. Following up the channel of Robinson's creek 
is found (1) beds of arenaceous shale* with some thin beds 
of limestone, containing branching polyzoa, At"ypa retiClt-
)a"s, Strophodonta demi .. a, very large fo,'ms, and Orthis 
iowemis; (2) al'gillaceous shale only a few feet in thick-
ness containing no fossils; (3) layers of sandstone, among 
which is a bed about fourteen inches in thickness, con-
taining casts of Spi''ifera parryana (S. caP"x) , with 
which are associated, either in the same bed or in adja-
cent beds both above and below, casts of At,yp"rcticu/a.-is, 
StroplwdQllta demusa, Orthis iowensis, and Spirifera aspera; 
(4) a considerable thickness of sandstones containing no 
fossils as far as observed; (5) arenaceons beds containing 
casts or impressions of corals related to Cladopora, and 
impressions of what seem to be immense masses of Stro-
matopora; (6) a bed of fragmentary materials interstrati-
fled with irregnlarly interrupted flexuous beds of shales 
nnd sandstones varying greatly in thickness and spread 
over the uneven and apparently eroded surface of the 
;mderlying sandstone; (7) flexuons beds of shale, with a 
bed 'of impure coal from two to three feet in thickness; 
(8) evenly bedded friable sandstone varying in color from 
yellow to gray, and containing in some of its layers 
numerous impl'essions of Calamites, Sigillaria and Lepi-
'dodendron. Casts of the stems of Lepidodendron appar-
ently of· the species recognized by Owen as L. «cu/e«tl£m 
*No opportunity has yet been fonnd to measure the thickness of the several 
members ofthe"scction. 
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Sternberg* 'YOl'O obsen'ed more than nine inches in 
"diameter. 
Tho bcds 1-5 .a1'8 of Devonian.age and must all be 
referred to the same period as the limestones at Buffalo 
and Pine Creek ~Iills. Beds G, 7, and 8 are of much later 
origin; they belong to the Carboniferous period and were 
probably contemporaneous with the Upper Coal ~reasures 
of southwestern Iowa. ' 
Practically the same succession of strata as seen in 
Robinson's creek may be observed iu what is known as 
railroad quarry at, Montpelier. An immense quantity of 
stolle was taken out by the railway company and nsed as 
riprapping to protect the embankment from the wash of 
the ,river. The magnitude of the work performed here 
may be inferred from the fact that the riprappiug extends 
sometimes for miles continuously' as far as ~IU8catine. 
The beds worked were Devonian sandstone, the equivalents 
of 3, 4, and 5 of the seciion along Robinson's creek. The 
Spirifer-bearing layer is here about two feet in thickness; 
it is harder than at the localities on Robinson's creek 01' 
on the river above the. month of Pine creek, and it would 
seem tc have furnished a very large proportion of the 
milterialnsed inriprapping. At the upper end the Coal 
Measure shales and sandstones are seen resting unconfOl'm-
ably on the Devonian sandstones. The lower beds are very 
flexuous Dnd distorted. A well-marked layer at any point 
may thin out and disappear in a distance of twenty feet. 
The conglomerate bed-number G-----on Robinson's creek 
is here well mm'ked, the fragmentary materials being in-
terstratified with irregularly contorted beds of. ,shale and 
sandstcnedisposed at all imaginable angles and frequently 
thinning out within a few feet. At one point observed in 
*Geol. Sur. Wis ... Iowa, and Minn .• tab. vi, figs. 1-2. 1852 ... 
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the face of I,ho bluff tho conglomemto bed ha.d a thicknoss 
of eight or ten feet, while only a short ,listnnce to the left 
the same layer had thinned to eight 01' ten inches. III the 
face of the bluffs, nt a height of about fift.en feet, occnrs a 
layer of impure conI abont ten inches in thickness, an~ 
above the conI are regular horizontal, even-bedded layers 
of sandstones representing number 8, on Robinson's creek. 
Below the coal seam nil t,he st,rat., nre confnsed, contorte,l, 
irregular i above the coal Beam the layers are even, regular, 
and horizontal. 
There are two distinct sandstones belonging to different 
ages in the region about Pine creek and Montpelier, in 
Muscatine county, Iowa. One ·belongs to.the Middle De-
vonian, the other to the Lower Coal Measures. To avoid 
confnsion I have used at different times in this article the 
term Spirifer-bearing sandstone, to denote the earlier of 
the two. They must be· spoken of hereafter respectively as . 
Devonian and Carboniferous sandstones. 
The'Devonian . sandstone, as developed at and near 
Montpelier, seems not to have a very wide geographic," 
distribution. The conditions favoring its deposition wer'! 
evidently local. In the particular locality affected by them 
these conditions, whatever they may have been, operated 
disastrously on most of the Devonian rauna. During a 
part of the time, however, Spil'iferu pa"rllunu found the 
conditions unusually favorable. The great uumber of 
casis of this species occurring in the Spirifer-bearing laYe~ 
~vould indicate that the sea-bottom was·fairly crowded for 
a time with large, healthy, vigorous individuals, and that 
the species occupied the,·.gion to the almost total exult ... 
sion of everything else. Spir(f.'" aspem, the constant as-
sociate of S. }Jafj·.lJulUl in the underlying limestones, is aI." 
most entirely absent, ,only two or three specimens of S .. 
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aspera being seen among many hundreds ~f S. pa'l'JIa1la. 
Even AI·l'JIpaTel;culari8, that most ubiquitous of all Devon-
ian brachiopods, apparently capable of living anywhere 
and under any circumstances; was represented by Ii com-
paratively fe" widely sClittered individuals. The Ortllia 
iow"".i. attained a larger size than usual, but the numlier 
of individuals was small. Athyris '/Jillata, which is oue of 
the most abundant shells in the subjacent limestones, is 
uurep"esented in collections from the sandstone: In the 
fossiliferous portion of the sandstorie, individuals of Stro-
.pllOdonfa demissa are about as numerous as in the lime-
stone. 
It is only in one layer, and that not very thick, that 
Spinfera parryana occurs. Some of the species mentioned 
persisted after S. pa,.,.yana abandoned the struggle. ;rhey 
range a foot or two above the Spirifer bed, bnt brachiopod 
life soon ceased, and the sandstone through several feet of 
its thickness shows Iio· traces of fossils. 
There is but a single fish tOoth ·in the collections from 
the sandstone; and it i. apparently identical with an unde-
termined species occurring in the Hamilton limestone at 
Solon and lows City. n 
LIME CREEK SHALES. 
This formation is well exposed in a number of locali-
ties in Floyd county chiefly, the most important, perhaps, 
being at Rockford and along Lime creek.. There is ex-
posed a vertical thickne~s of about 100 feet of rather dark 
colored argillaceous shales which are highly fossiliferous. 
They disintegrate rapidly under the influences of the 
weather, forming a very plastic clay which i. quite valua-
ble for manufacturing brick. The geographic extension of 
these shales is not known at present, nor is their strati-
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graphic position fully understood. It seems best, there-
fore, to retnin for them the llmlle which is nsually applied 
to them, sillce the title of Rockford, has proved to be 
unavailable. 
CARBONIFEROUS. 
The Lower Carboniferous, or Mississippian Series. 
The great series of limestone lying at the base of the 
C3l'honitel'ons in the ~Iississippi valley is in Iowa one of 
the most important geological formations exposed within 
the limits of the State. The part lying iulow" occnpies 
a very small portion of the entire al'ea covered by this. 
rock in t.he Mississippi province. This snccession of Car-
boniferous' limestones forms a more or less continuous· 
belt, exposed in broad tracts, from northern Iowa to Ala-
bama and from Ohio to New Mexico. 
For this lower calcareous portion the term I' Subcar-
boniferous JI has been applied usually j but, as will be seen· 
hereafter, there are serious objections to this name .. 
"l\Iiss~ssippiat.. Series" has therefore been employed as a 
substitute in the pres"ent connection. The name wus. 
originally suggested in nearly this sense by Alexander 
Winchell, and has recently been somewhat modified by 
H. S. Williams." 
More than half a century has passed since the rich and. 
varied faunas of the later Paleozoic rocks of the continental 
interior first began to attract attention. Fronl the begin-
ning an exceedingly active and evor growing interest was· 
. taken in the vn,rious forms of ancient life represented, and 
as a matter of consequeJice t1~e geological history of the" 
region was approached from the biological rather than 
the stratigraphical side. Especially was. this the case 
*Bul. U. S. Geol. Sur., No. So, p. 135. Washington, 18gl. 
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along the line of the Mississippi river, where the most im-
portant exposures of the strat~ in question OCCllI·. 
The relations of the most important horizons of the 
Lower Carboniferons in the Upper Mississippi valley \\'ere 
early made out by Owen and others, and althongh Owen's 
views underwent considerable change during the dozen 
years he was engaged in studying these rocks, his sub-' 
divisions have been practically the basis of all subsequent 
classifications. ,In the main they have b,een adopted 
everywhere, notwithstanding the fact that considerable 
diversity of opinion has existed in respect to the minor 
stratigraphical details. 
In the naming of the several assemblages of beds, the 
leading and most widely known terms that have been 
applied have been taken from localities situated on the 
"Father of Waters." The }'IissisBippi section therefore 
becomes the most important of all in the correlation of 
the Lower Carboniferons rocks of the great interior basin. 
For this reason it was that recently aU the original local-
ities were visited, the various exposures examined in 
detail, their relationships with each other and with the 
overlying and underlying strata particularly not .. d. 
The nominal history of the major snbdivisions of the 
Paleozoic in the Mississippi basin need not be reviewed in 
this place. Suffice it to mention that the t .. rm Subcarbon-
iferous had in the beginning a very different meaning from 
what it has had of late years. As originally proposed by·, 
Owen,* the name was nsed merely to indicate the indefie 
nite series of limestones below tho conI-bearing strata of 
the continental interior. Subsequentlyi' the same, sllthor 
limited the formation below to, the blue fossil-bearing' 
-Rept. Geo1. Rec:lndiana. p.12 .. ]8.;7. (1839-) 
tRep. Min. Lands of the U.S., p. 14. 18.to. 
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limestones now known as the Cincinnati becls. It WfiS in 
1847, when Owen ami Norwood" gave the "black slat"." 
as the upper limiting member of the Devonian, that 
"Snbcarboniferous" was still farthel' restricted, thus for 
the first time giving the name Subcarboniferous the mean-
ing which has been generally attached to it of late years. 
The most familiar names assigned to the subdivisions 
of the Carboniferous along the Mississippi river are ten in 
lltunber, viz.: Chouteau, Kinderhook, Burlington, Keo-
kuk, Warsaw, Saint Lonis, Ste. Genevieve, Chester, Kas-
kaskia, and Coall\Ieasures. 
The Lower Carboniferous rocks in Iowa occupy a sinu-
ous belt twenty-five to forty or more miles in width, mid-
way between the Cedar and Des :1I10ines rivers. They 
thus extend frDIn the southeastern corner north-
westward to the boundary of .the State. Narrow tongues 
of Lower Carboniferous rocks are also exposed along the 
Skunk and Des Moines rivers, extending up the latter t6 
within about thirty miles of the city of Des Afoines. 
Immediately under the loose surface deposits this 
formation is found extending over the following counties, 
wholly or in part: Lee, Des Moines, Henry, Jefferson, 
Van Buren, Louisa, lNashington, Keokuk, Iowa, Powe-
shick, Marshall, Tama, Grundy, Hardin, Bntler, Franklin, 
'CmTo GOl'do, Wright, Humboldt, Hamilton and Webster. 
Narrow strips are also exposed in Wapello, Mahaska, 
}'[arioll and Pocahontas counties. 
The most important section of the Lower Carboniferous 
)'ocks is exposed. along the :Mississippi river from below 
lInscatlno-to Cap·eGir~rdeau, a short distance above the 
*Researches on the Protozoic and Carbo Rocks of Central Kentucky during 
the year 1846. 1847. 
4G.Rtp. 
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mouth of the Ohio. Along this line the section is alInost. 
cont.inuous. '1'ho ant.ire limestone is a fossiliferous ,one. 
The typical outcrops of tlie different subdiyisions of the 
formation. were originally described from exposures along 
this gtrcam. The section of the Mississippi, therefore, be-
comes the most important one of all in the region under 
consideration. As exposed on the great river, along the 
eastern boundary of Iow3, t.he Lower Carboniferous rocks 
below Burlington dip rapidly to the southward, but begin 
~o rise again near Keokuk; . they thus form a shallow syn-
clinc, with its lowes! point a few miles below Fort 1\Iadison. 
As based upon the best lithological, stratigraphical, 
and faunal eyidence·now at hand, the classification of the 
Lower Carboniferous 01' 1\Iississippian series along the line 
of the principal section, that is, along the line of tho :Mis-
sissippi river t is as follows: _ 
MISSISSIPPIAN 
SERIES 
Kaskaskia. 
I-~~~ 
St. Louis. 
Augusta. 
I
"chestershales ... 
.. Kaskaskia limestone." 
Aux Vases sandstone. 
ISte. Gene\'ieve limestone. Saint Louis limestone. Warsaw IimestQne (in part not ty~ical). 
Warsaw shales and limestone (typiC:l.I). 
"Geode bed." 
Keokuk limestone. 
Upper Burlington limestone. 
Lower Burlington limestone. 
Chouteau limestone. 
Kinderhook. Hannibal shales. 
Louisiana limestone. 
KINHEHnOOK nBDS. 
Heretofore the propriety of regarding the lower Oor-
bonifel'olls rocks of the Mississippi basin below the Bur-
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lingtOli limestone as a distinct subdivision of the scction 
has been generally conceded, mul the upper line of de-· 
markation is easily recognizable throughout it. geograph-
ical extent. Its lower limit, however, has not been made 
out satisfactorily over tho entire area of its occurrence; 
but in many' places the g.-oup of strata is known to rest on 
the "black shale" so ·well developed ·in Tennessee, and 
generally regarded as Devonian in age. For the gronp of 
beds in question, 01' parts of the group, vorious names 
have been given. But their historical consideration need 
not be dwelt upon at length here. Whatever may be event-
ually·the most appropriate term to apply to .this section, 
it sooms advisable for the present to retain Meek and Wor-
then's name for these rocks as exposed along the line of 
the Mississippi river. 
Among tre earliest references to the rocks of this gronp 
in the continental interior i8 that made in connection with 
Owen's explorations in southeastern low8.* This author 
called some sixty feet of ash-colored shales, exposed above 
the level of the water in the Mississippi river to the base 
of the encrinital limestone at Burlington, the "argillo-cal-
careous group," and regarded it as belonging to the lower 
part of the Subcarboniferous. These shales were actually 
a portion of the median member of what Swallowt in 
lIissol11'i had termed the" Chemung" group" This group 
was divided into (1) the Chouteau limestone, (2) the Ver-
micular sauds~ue aud shales, aud (3) the Lithographic 
limestone. Within the limits of the region under con-
sideration the three divisions are quite persistent and easily 
recognizable over a wide area. For present convenience 
the Inst two members may be termed more approprintely 
*Geol. Sur. Wisconsin, Iowa, and Minnesota, p. 92. 1852. 
tAnn. Rep. Goo!. Sur. Missouri. p. 103. 18SS. 
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the Hannibal shales and the Louisiana limestone respeot-
ively J since at these places in .northeastern Missouri they 
are exposed in their full development. 
Throughout Iowa, Illinois and Missouri, at least, and 
perhaps in other states also, wherever the Kinderhook 
rocks "are exposed, its members, as here designated, will 
always be recognized to a greater or less extent, particu-
larly in faunal studies. Ovcr all the three states named 
these subdivisions are sharply defined lithologically, except 
possibly toward the northern known limits, though there 
these rocks have received very little or no attention. At 
the present time it seems very probable that the third or 
lowest member-the Louisiana or Lithographic limestone-
will find a closer relationship with the Devonian than with 
the Carboniferous, and that eventually it will be regarded 
as the capping stratum of the former over all the territory 
contiguous to the Mississippi. 
In 1858 Hall still cOll~inued to regard the Burlington 
(Iowa) section below the oolite layer as Chemung. But he 
also included in the group some yellow sandstones occur-
ring fifty miles to the northward, which Calvin* has re-
ceutly pro\-ed conclusively to be of Devonian age. 
Although Owen had referred the shales lying immedi-
ately below the limestone at Burlington, Iowa, to the Sub-
carboniferous (limited) more than a decade previously, 
Meek am! Worthen,t in 1861, were the first"to prove be-
yond a doubt that the faunas of the rocks along the Nlis-
sissippi river between the cities of Burlington and Saint 
I .. ouis, and lying between the" black shales" and the Bur-
lington limestone, have much closer affinities with those 
of the overlying strata than with those below, and there-
*Am. Geologist, Vol. III, p. 25. 1889. 
tAm. Jour. Sci., (2), Vol. xx~n, p. 22B. IB6I. 
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fore the rocks in question properly belong to the Lower 
. Carboniferous series. The n8me· " Kinderhook" was ~hell 
proposed for the formation. 
Soon after, Worlhen* published furlher details, espe-
ciaUy in regard to the typic8l locality, Kinderhook, Illi-
nois. Various sections iu the neighborhood were fully 
described; leaving no doubt as to the real iimits that were 
intended to be assigned to the terrane. On the opposite 
side of the river, in :i\IisSOUl'i, the exposures are almost 
continuous for more than thirty miles, and show well the-
relatious of the beds from the "black shales" to the-
upper division of the Burlington limestone. 
In the Iowa section Whitet recognized as Kinderhook 
th~ rocks exposed at the dty of Burlington, previously 
called Chemung, together with a few feet of what was once 
considered as belonging to the superimposed stratum . 
. The "Chouteau" group takes its name from the lead-
ing member of the three-fold division, the Chouteau lime-
stone. The application in this Bense was first made by 
Broadhead,! who used the term to cover the ssme limits 
as Swallow's "Chemung" in the earlier I1Iissouri reports. 
Very recently the name apparently has been extended by 
WiJliams§ to en)brace also the lower Carboniferous littoral 
deposits (Waverly grits, etc.), as· well as the more open 
sea deposits of argillaceous aud calcareous material (Kin-
derhook shales and limestone). 
From the foregoing it appears that in the· states bor-
dering the :i\Iississippi river the term Kinderhook has pri-
ority in the naming of the lower meinber of the Lower 
*Geol. Sur. Illinois. Vol. I, p. loS. 1866. 
fGeology Iowa. Vol. I, p. 192. 1870. 
,Geo1. Sur. Missouri, p. 26. ]814. 
IBul. U. S. Geol. Sur., No. 80. p. I6g. ISg •. 
'. 
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Carboniferous, as' noiv generally undersfuod. Whether or 
not. Waverly or lIIarshall, as the rocks of probably tlie 
same age in Ohio aud lIIichigan are' called, should replace 
l.Ieek and Worthen's name, remains to be seen. These 
probably represent the littoral deposIts of the' more west-
el'ly limestones just referred fu. Both lithologically and 
faunally they are sufficiently distinct from 'the western de:-
posit~ to make a separate designation desh-able, at least 
fo~ the present 
As has been seen, the Kinderhook is, as at present 
understood, a three:-fold division, compl'ising" 
(3) Chouteau limesfune. 
(2) Hannibal shales. 
(1) Louisiana limesfune. 
Louisiana Limcs/one.-The lowermost of these forma-
tions-the -Louisiana limestone-is not exposed at the sur-
face within the limits of Iowa. It is the Lithographic 
limesfune of Sivallow. At Louisiana, in Pike county,loIis-
souri, it attains a thickness of more than sixty feet. For 
a long time this lime:-rock has been regarded as the basal 
member of the lower Carboniferous in northeastern Mis-
souri and western Illinois: In the former state. many fos-
sils have'been described from these beds .. The fossilscon-
tained have recently been found to be restricted chiefly to 
a thin, sandy seam, not more than four inches in thick-
ness, and lying at the very base of the limestone. As the 
fossils contained in this thin layer appear fu have a very" 
distinct Devonia~ facies, it has been recently suggested* 
thnt the sandy seam cannot be regarded as a part of the 
lower Carboniferous. The limesfune .itself rarely contains 
fossils, and the few forms that have been fO!lnd have heen 
*The Present Basal Line of Delimitation of the Carboniferous in North\\·estem 
Missouri: Am. Geologist, Vol. X, pp . .sSo-34 1892, 
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so few amI scattered that tho exact geological age of the 
Louisiana liinestone mnst now be regarded as sOluewhat 
doubtful. 
BOl'iugs at Keokuk seem to indicate that there al'O at 
least ten feot of this l:ock represented about 200 feet below 
the water level of the ~Iississippi at that point. 
Hannibal Shu/es.-These are the Vermicular sando 
stones and shales of Swallow ill his .Missouri report. At 
Hannibal, seventy-five miles south of the Iowa line, the 
shales have a thickness of about seventy feet. The 
upper portion is made up of sandy material which in places 
passes into compact sandrock. This saudy portion mpidly 
loses its arenaceous ch~racter downward, passing into 
bluish or greenish clay-shales which appeal' to be remark-
ably uniform over bl'Oad areas. At Burlington, Iowa, 
more thau seventy feet of these blue and somewhat in-
durated layers are to be seen above low wuter in the :J\Iis-:-
sissippi. Borings indicate a thickness eonsiderbly more 
'than twice the figure just mentioned. 
Lithologically this formation as exposed at Burlington 
is a massive, somewhat sandy clay'-shale; often highly 
calcareous and in the upper part contains silicious matter 
in the form of a fine yellow sand, which occasionally 
assnmes the charaCter of a soft sandstone. Below the 
sandy portion these shales have long been supposed '10 be 
destitute of fossils, but late exposures in places . have dis-
closer! fannas of a most interesting anr! instructive natUl'e. 
A shol·t distance below Burlington, neal' the mouth of the 
Skunk }'iver, the beds disappeal' belmv the water level. 
At Keokuk, as has been shown by recent borings, they 
are in tile neighborhood of 150 feet below loll' water 
in the ~Iississippi. At Burlington, as will he seen by 
reference to the section at that place given farther. on, 
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immediately below the Burlington limestone are several 
beds, a few feet in thickness; made up of limestone and 
oolite which are separat<ld by clay shales. The exact rela, 
tion of these beds to the lIIissouri section is not known at 
present. Beyond the immediate vicinity of the Jlrissis-
sippi river the shales are not exposed at the surface in 
Iowa, but they apparently have a considerable geograph-
ical ext~nt, and are thought to be recognizable in a 
number of deep well sections in different parts of south-
eastern Iowa. 
Ghouteat~ Li1llestone.-At Hannibal and I.ouisianu, in 
Missouri, the upper member of the Kinderhook is a fine-
grained, compact limestone, buff in color and usually more 
or less impure from an admixture of clay material. South 
and westward from the localities .iust mentioned it rap-
idly thickens until it attains a vertical thickness of more 
than 100 feet. Northward it thins out rapidly. It may 
be represented at Burlington by a few feet of buff calcare-
ous layers lying at the bas~ of the great limestone at that 
place. This division may also include an oolitic bed at 
the same place. 
Kinderhook Lim,;!o"e of Gelltral Iowa.-A hundred 
miles northwest of Burlington, in Tama and Marshall 
counties, rocks referred to the Kinderhook are well .ex-
posed along the Iowa river and some of its tributaries. 
The exact correlation of these beds with those of south-
eastel'll Iowa has not yet been fully made out: As shown 
in the Le Grand quarries the rock is chiefly a rathel' soft, 
somewhat imigularly bedded, buff limestone, probably 
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containing a consiuorable percentage of magnesia. The 
section at Le Grand is as follows: 
J.·iguret. 
Drift ~ ___________ _________ • __ • _____________ YE4~' 
Rather heavily bedded brown limestone. "sub-
crysta1line ,. ______________________________ 10. 
Very fine-grained limestone, breaking with 
conchoidal fracture_______________________ 7. 
Chert band _____________________________ •. __ 0·4 
Huff magnesian limestone, hea\'ily bedded, 
fine-~ined and containing many fllssils in 
ce.rtam layers ____ . _______ . _______________ 40. 
Gf<ty oolite.!heavily bedded and highly fossil-Iferous ___________________________________ 17· 
Blue calcareous sandstone, heavily bedded 
above (exposed) _______________ :.._________ 6. 
It seems very probable from an examination of the fos-
sils contained in the Le Grand beds that a part at least of 
the layers correspond to the Burlington limestone in south-
eastern Iowa. There are indications also that some of the 
Le Grand strata are to be correlated with the more typical 
Kinderhook; these same beds are reported by White as 
occurring on the west bruuch of the Des Moines, in HUIll-
boldt county. 
Uses.-In southeastern Iowa no good quarry rooks 
have been found in the Kinderhook formation. Occa-
sionally the oolitic beds are used, but withst.and weather-
ing only for a short time. The clay shales at Burlington 
have recently been brought into prominence in the manu-
facture of paving brick. 
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Toward the northern'limit in 
Iowa the Kinderhook, as has 
been alre:.tdy stated, assumes a 
calcareous facies.. It is exten-
sively qual'1'ied ~ "at numerous 
places, "the most' important be-
ing Hu m boldt and Dakota 
City, in Humboldt _county; 
Iowa Ji"alls, in Hardin county; 
Conrad, in Grundy county; 
Tama, Le Grand and Toledo, 
in Taroa county; and Quarry 
and Dillon, in nfarshall cou;"'ty, 
In nfarsball and'Tania counties 
this fine-grained, buff, magne-
sian limestone forms a very 
durable building stone, It has 
been used largely for bridge 
pier S I architectural'" purposes 
and ordinary rough masonry, 
Portions of it contain numer-
ous narrow veins stained with 
ferric-oxide, It takes a fairly 
good polish arid -is extensively 
used for inside work in place 
of ordinary marble, Consider-
able quantities h a v e bee n 
shipped to eastern cities, giving 
good satisfaction. The lower 
part of the Le Grand section 
is made up of a very compact 
oolitic limerock. It withstands 
very _ well the weathering in-
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finences, as is shown in the COlll't house at :Mal'shalltowll, 
which is constructed almost entirely of this stonc. 
AUGUSTA LDIESTONE.. 
This term is npplied to those rocks exposed in the 
Mississippi valley which have heretofore been called the 
Burlington and Keokuk limestones. 'I'he typical local-
ities of these two so-called formations are the cities of the 
same HaIneS in the southeastern part of the. Stntc. These 
rocks are exposed in un almost continuous section along 
t.he :Mississippi river from a point· above Burlington to 
the mouth of. the Des Moines. (See figure 2.) The Burling-
ton and Keokuk limestones, titIeswhich have long been used 
to designate certain rocks of this region, have been shown* 
to belong principally to a single formation. Upon purely 
paleontological grounds as well as for stratigraphical rea-
sons the two limestones should be included under a single 
term, at least in the vicinity of the ~Iississippi·river where 
the typical exposures occur. The advisability of-including 
the upper and lower Burlington limest{)nes and the Keo-
kuk under a single head was jlointed out in a paper pub-
lished in September, 1889, entitled "Carboniferous Echi-
nodermat.a of t.he Mississippi Basin." ·At that time it was 
thought inadvisable to propose a new name for this form-
ation, until further investigations had been made southward 
from the original locality, and the exact relations made 
out between the rocks as shown in the latter places alUi 
those of the adjoining regions refened to the· same geo-
logical age. In the meanwhile Willinmst suggested for 
this limestone the title "Osage," from the name of the 
chief river of southwestern l\Iissouri which cuts through 
~Ke}"es: Am. Jour. Sci., (3), Vol. XXXVIII, pp. 186-193. New Haven, 1889. 
tIlu!. u. S. GeoJ. Sur., No. So, p. log. Washington, 1891. 
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some of the Lower Carboniferons series in Saint Clair 
county. As stated in the more recent publications in 
which this term has appeared, Osage has been used for 
the Burlington and Keokuk rocks of Missouri only 
provisionally-until more detailed information was ob-
tainable. The term Osage does not now appear to be 
applicable, in the sense that it was originally proposed, to 
the rocks of the :Mississippi basin !mder consideration. 
The Osage river, from which the name is takeu, flows for 
a great"r part of its length through limestones of the great 
Ozark series (Cambrian 01' Lower Silurian). The upper 
part of the river passes through Coal Jlfeasure beds 
almost entirely. Only a yery small portion of the water-
course touches the Lower Carboniferous at all.' The 
"Osage country," by all :Missourians especially, is a term 
applied to the region along the lower part of this stream. At 
Osceola, where the most typical section of the" Osage" is 
exposed, the rocks appear to be as typical Burlingtou as 
at the city of Burlington itself. Recent visits have dis-
closed no Keokuk whatever at the place in question. 
One of the chief reasons for proposing Osage was that the 
beds of so~thwestern Missouri were thought to contain 
a mingling of faunas of both .Burlington and Keokuk 
beds. In so far as personal observation goes, the Kinder-
hook, Burlington, and Keokuk beds are as sharply con-
trasted lithologically, faunally, and stratigraphically as in 
southeastern Iowa. From the foregoing it would 'seem 
that the" Osage" formation at its typical locality is prac-
tically coextensiYe, and therefore synonymous, with the 
Burlington limestone. Southeastern low.a has long been 
regal'ded as the typical locality of the rocks under consid-
eration. There these beds have been described more in 
detail and are better understood than in any other region 
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in which they occur. Sincc the Burlington' and Keokuk 
limestones n~nni"festly form a single epoch in t.he gco-
logical history of t.he rcgion, as has been conclusively 
shown a number of times rece~tly; since a term appli-
cable to these rocks as a \vhole is desirable i and since the' 
name Ii Osage" is apparently unavailable, it appears' best 
to suggest for the title of this terrane the name of 'some 
locality in southeastern Iowa where tlie rocks are well 
exposed. Along the Skunk river in the vicinity ,of 
Augnsta, about ten miles southwest of Burlington, ihere 
is exposed-the ~nt.ire succession o~ these iock~"' fro.in tl~e 
Kinderhook shales to the" geode bed.". (See figure:2.) 
This name, therefore, seems more appropriate t~ lise ·tl~an: 
perhaps some other better known term~ Good exp~'srires' 
of the format.ion nre found all along fhe Missi~'sippi l'i~~r 
from.Keokuk to Burlington, as aJready 'me?1!~oned, T~e 
limeston~ often stands out in ov'e~'hari~ing cli~s ?vel' the 
softer Kinderhook beds, as is well shown ·in the vicinity 
of Burlington and elsewhere. (Plate v.) " 
Owen's Encrinitallimestone embraces practically the 
same beds that were aftel'wards called the Bu~lingtOI~ j a~d 
his lower Archimedes correspond~ to Hall's Ke~kuk group, 
below the "geode bed," Shumard seems to have t~sed the 
term" Encrillital limestone" in a val·jety of senses-some-
timos referring to the Burlington alono, sometimos to bo't~ 
El11'lington and Keokuk, and often to' the Burlington: ~nd 
pa!'t of tbe Keokuk. Partly on lithological grounds, hilt 
chiefly for paleontological reasons, the 1I Augusta" may be 
"l'egarded as made np of three members-upper, m~ddle, 
and lower, coiil{:idillg cssenti;llly wi.th 'the Keokuk arid th~' 
upper and lower Burlington iimestoncs. .In ~egard .tlo ~he 
fossils of the tl~l"ce. horizons the most conspicllOUB diffm'-
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ences were first suggested by White;* and quite recentlyt 
they have received further attention. 
During the deposition of the 10w.8r Carboniferous rocks, 
life throughout the interior of North America wasl·emark-
able for the immense development and expansion of 
piscine and echinodermatous types ; and among the latter, 
especially, for the culmination of crinoidal and· blastoidal 
forms. Not only was the development ~f the Crinoids 
phenomenal in the number of species, but the extensive 
numerical representation of individu~ls was most aston-
ishing. Many species had an extensiY~ distribution, 
but the large majority were very limited in sp.acc, 
and especially in time. rhose species, therefore, which 
experienced a wide dispersion form valuaple and relia-
able criteria for synchronizing horizons far removed" 
from aIle another. The equivalency, however) of strata of 
distant localities can at best be only approximately deter-
mined from paleontological data a\one. As has been sug-
gested by Williamst the biologic sequence in any limited 
region is not indicative of the genetic succession of the 
inhabitants) but merely the sequence of occupants within 
that particular area. The gradual oscillation and change 
of habitat to which the Carboniferous echinoderms of the 
Mississippi basin were subjected would tend to make their 
migrations extend through longer periods of time, and 
their specific existence more protracted than the strati-
graphy of anyone place would indicate. And thus cer-
taiu species would become extinct in one region and be 
coulpletely replaced by very diffetent forms, while in dis-
ltJour. Boston Soc. Nat. HisL, Vol. VII, pp. 224-225. 1860. 
tKeyes: Am. Jour. Sci., (3), VoJ. XXXVIII, pp. 191-192. 1889. 
fPiO. Am. Ass. Ad. Sci., Vol. XXXIV, p. 232. 1885. 
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tant localities the migratory species would continue to 
flourish in all their wonted vigor. 
Echinodermatons life during the Lower Cm'bonifcl'ous 
was preeminently cl'inoidal and blastoidal; the fonner 
gl'eat~y predominating in the earlier part and the latter 
conspicuously present in the later pOl·tion of the period. 
So marked is the contrast between the faunal features of 
the middle and upper portions of the I ... ower Carbonifer-
ous that'Wachsmuth and Sprillger* have suggested that, 
the Burlington and Keokuk deposits could very appropri-
ately be called the "Crinoidallimestone,ll while the Saint. 
'Louis and Chester are manifestly a I 'blastoidal" division. 
A synoptical t.able has been· arranged of the Carbonif-
erous genera of echinoderms and their distribution during 
Paleozoic time. The generic grollps enumerated, while 
characteristically Carboniferous for the most pui-t, are very 
unequally distributed in time. In nearly every instance 
each genus exhibits (1) a gradual expansion after its first 
appearance, shown by t.he differentiation of species occur-
ring in each epoch; (2) a culmination marked not only by 
a large number of species and a great numerical inCl'eas~ 
of individuals, but also by a remarkable development and 
specialization of various structural characters and hy a 
morc or less wiele distribution in space; and (3) a decrease 
in tho number of species, and a very apparent decline in 
physical energy, generally terminating in a more 01' less 
abrupt extinction of the group. The culmination of cri-
noi.dallife generally was in the middle of .the Lower 031'-
, 'boniferous. At the close of the Augusta epoch one-half 
of the Carboniferous genera had become extinct. 'rhe 
great group Camerata had passed away, with the exception 
*Proc. Acad. Nat Sci., Phila., p. 229. 1878. 
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of the Hexacrinidre and a few depauperate forms of sev-
eral other genera whose existence was quickly brought to 
a close. A large proportion of the genera in the extensive 
section Inadunata had disappeared. Of those groups 
which survived to the close of the period, a diminutive 
species Allagecrinus (0 single specimen only being at pres-
ent known) was the sole representative of the branch Lar-
viformia; while of the great group Fistulata only the 
typical genus (including four subgenera) of the Poterio-
crinidre extended through the entire Lower Carboniferous. 
And the widely distributed CalceocrinusJ which began 
back in the lower Silurian, became extinct just before the 
beginning of the Saint Louis. 
'Vachsmuth and Springer* have shown that in the ex-
pansion and geological development of the various groups 
of crinoids the modification of specific characters was very 
gradual, and corresponded in a striking manner with the 
changes by growth in the individual. Another suggestive 
fact is that usually the more generalized types of the vari-
ous groups are the more persistent, often having a consid:.. 
c.rable range, both in time and space. The expansion of 
the several families kalso frequently indicated by the re1-
at.ively rapid development, in some supra-generic groups, 
of em-bin structural features which soon become curiously 
.differentiated. Perhaps nowhere in any zoological group 
is its culmination better or more clearly gefined in accord-
mice with the suggestions already made, than in the Crin-
oidea. The remarkable multiplicity of specific and generi. 
types appeal'ing in rapid succession during the middle 
1. .. owel' Carbo~iferous; the extreme and phenomenal spe-
cialization of particular anatomical structures;' the great 
*Proc. Acad. Nat. Sci., Phila" p. 229. 1878. 
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incl'ease in size; the ponderous character of tho test; and 
the marked stl'uctuml changes in many minor particulars 
are 'of peculiar biologicnl significance. 'roward the close 
,of the Augusta epoch nearly all the specialized forms 
became extinct, and with a very f~w exceptions only the 
more generaliz.ed types 'continued through the Lower Cur-
boniferous-only such forms as wero ol'dillUlly related to 
living crinoids. 
If the crinoids formed a prominent faunal feature of 
the earlier part of the lower Oarboniferolls, the blastoids 
were equally conspicuous elm'iug the latter portion of the 
pOl·iod. 
From a compnrisou of the Crinoidea occurring in the 
upper ·and lower Burlington. and Keokuk limestones it is 
quite apparent, as first observed by 'Vhite* and after-
wards morc fully discussed by 'Vachsmuth and Springel'J 
that the forms of the three horizons present some marked 
differences. Those species from the lower Bui'Iillgton are 
of small size, delicately constructed and ornamented; in 
the upper Burlington the peculiar delicacy that is so 
marked in the lower bed forms is absent 01' has assllmed a 
ruder character; while in the Keokuk the crinoids are 
characterized by large size, rough, massive construction, 
bold, rugged ornamentation and a conspicuous exaggera-
tion in many structural details. The last cOllsiderntion is 
of great interest. For it appears that in general t.he ex-
aggeration" of various structural features is indicative of 
important biologic changes in that particUlar zoological 
group in which such extreme developments take place; 
and as has been shown in other orders, this extravagant 
and undue acceleration in growth is relatively very rapid, 
·Jour. Boston Soc. Nat. Hist., Vol. VII, pp. 224'225. 
tloc. cit. 5G. Rep. 
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but of short duration, and nS~lally terminates in the abrupt 
extinction of the group; or, as in some cnses, results in fi 
. vcry distinct diminution of vitality. It would seenl, then, . 
that a general amplification of the various anatomical 
structures in any faunal ,group marks its culmination; 
and this fact is peculiarly signific~llt in its application to 
fossil.crinoids, for the middle of the I.Jower Carbonifcl'ou& 
was pre-eminently the climax of crinoidallife. 
The abrupt extinction of a large proportion of crinoid"l 
forms towaI'ds the close of tho Augnsta is certainly sug-
gestive of a series of dccided and widespread changes in 
the geographic and bathymetric extent of the great inte-
rior sea. White* has already shown that at least in some 
portions of the Mississippi basin there were yery c:onsid-
crable alterations in the coastal contour of this broad, shal-
low gulf during the lalter part of the Lower Oarboniferous, 
and it is known that there were even greater changes in 
the coast line in the other parts of this region during the-
same period: During the Keokuk the waters oyer por-
tions of Iowa, Illinois, :Missouri and Indiana, becRllle-
greatly diminished in depth, and the land of the same area 
was considerably extended, While the Saint Louis beds 
were being deposited the sea again encroached upon 
the land, extending in some places more than 200 miles 
northward, beyond the former Keokuk waters. Over 
an extensive portion of the interior sea the conditions of 
environment during the Keokuk and Saint Louis epochs 
presented some notable differences, as is amply atte;ted 
by even a casual comparison of the fauna of the two divis-
ions, In some parts of Indi~na and Illinois the organic 
remains of the former are characterized by a certain luxu-
riancyof individual growth, apparent not only in one, but 
*Geology Iowa, Vol. t, p. :225. ,1870. 
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in t1~e majority of tho zoological groups represented. In 
the lattol' diyisioll t.he animal forms in muny cnses are 
strikingly depaupernte. It is not only a depauperntion 
among n few types that is discel'lluble, but a great diminu-
tion in vitality is mall~fest in: forms genetically related to 
those occurring in the Keokuk. 
As indicated in the geilcral section, the Augusta lime-
stone has been differentiated into five beds: 'Val'saw 
shales (typical), "geode bed," Keokuk limestone, Upper 
and Lower Burlington limestones. This has not been done 
upon lithological or stratigraphiealgrouuds, but for purely 
paleontological reasons. Ashasnlready been seen, the form-
ation is truly a single limestone, and the faunas contained 
are practically identical. The limestone is essentially a 
crinoidal one, though in its upper part this feature is not 
as marked as toward th~ base. 'fhat part now known as 
the Burlington i~ throughout the region the same C031'Se- .. 
grained, encl'initallimestone, usually white, and quite pure 
iu certain· layers. 'fhe basal portion, known as the 
Lower Burlington limestone, usually contains considera-
ble ferric oxide, and consequently has a characteristic 
reddish hue on weathered faces. The lithological charac-
ters of the Burlington are remarkably constant over broad 
strips of territory. They have heen traced from northeast-
eru Iowa to western Illinois, to southwestern Missouri and 
Arkansas. East of the Mississippi the typical exposures 
of this rock are unimportant, and the sections are confined 
to th~ vicinity of the great water-course. The division 
-lines of the two Burlington limestones and of the Keokuk 
are marked by silicious beds. The lowermost of these 
chert beds has a thickness of twenty to twenty-five feet. 
It is made up largely of nodular masses and irregular beds 
of flint, with some calcareous matter. The upper chert 
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bed, the one between the Burlington and ICeokuk lime-
stones, was l'eporte,] by Hull to be upwards of 100 feet in 
thickness. Recent observ'ation goes to show, however, 
that it probably has a no greater importance than the 
lowel' chert bed. Accurate records of borings indicate 
thut the enthe thickness of the Augusta beds-from the 
top of the" Warsaw" to the bottom of the Burlington-is 
not over 225 feet. "Therever the Augusta limestone 
is exposed along the Mississippi, nort·h of the Missouri 
river, it stands out over the soft Kinderhook shales in 
rugged overhanging cliffs or high walls. At Burlington 
the basal line is marked by heavy layers of limestone, 
which often project to a distance of twenty or thhty feet.. 
The small streams flowing over the limestone break into 
caJca,les twenty-five to fifty feet in height. 
The upper Burlington division differs from the lower in 
its lithological characters chiefly by being more thinly 
bedded and containing layers of argillaceous shales. The 
Burlington beds are cxposed in a number of places "north 
of Bu1'lington, on the Iowa river. Near Columbus, in 
Louisa county, good sections are exposed yielding large 
numbers of characteristic fossils. A few beds of the I,e 
Grand quarrics in ~rarshall county are supposed to belong 
to this formation. 
The Keokuk beds arc distributed chiefly on the east 
side of the j j Father of ",Vaters,11 covering a wide area in 
Illinois, Indiana, Kentucky and Tennessee. West of the 
river the best exposures are in southeastern Iowa and 
northeastern Missouri. At the typical locality the Keokuk 
beds consist of grayertcrinitallimestone with considerable 
chert, inlayers 01' nodules. The 10werportiOJi'is uheavily 
bedded, compact limerock having a bluish cast. The 
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upper par~ is composed of clay shales ,~ith calcareous 
bauds. 
The v .. -tical section of the !"Ocks at Keokuk is as fol~ 
lows: 
F~. 
9. Drift and loess _________________________________________________ 10 
8. Soft brown or yellowish sandstone, lJaSSing into a fine-grained con-
glomerate in pl~, irregularly cross-bedded, and lying uncon-
formably upon the next (exposed) _________________________ . ___ 10 
7. Blue and nsb-colored, brecciated limestone, indistinctly bedded 
locally and passing elsewhere into regu~ar layelS ________________ 2S 
6. Brown, impure, "arenaceous limestoDe,~hea.vily bedded. _________ "-_ 4 
5. Qlue, calcareoUs, clayey shafes . _______ .::-_________________________ 10 
4. Impure limestone, massive ~nd weathering brown ________________ 7 
3. Clay-shales, with occasionaliimestone tiands·and abundant little 
clystal grottoes-the "geode-bed " _________ =- __________________ 3S 
2. Thinly bedded, somewhat shaley limestone _______ . ____ __________ S 
1. Blue, encrinital limestone. heavily bedded and more "or less highly 
• fossiliferous (exposed) _________________________________________ 45 
Below number 4 of this section is the Keoktik group of 
Hall; 4 to 6, inclusive, form the Warsaw of the same 
author; while number 7 is the Saint Louis limestone re-
posing unconformably upon the brown massive layer, 
- number 6, and with the Coal Measures, number 8, super-
imposed unconformably ·upon it. 
The Warsaw beds, as defined by Hall" aud as exposed at 
the village of Warsaw, Illinois, are composed of (1) ten feet 
of compact buff-colored limestoue, (2) thirty feet of blue cal-
careous shales with many thin limestone seams, and (3) eight 
feet of yellow arenaceous limestone. At Keokuk, five miles 
above, all three layers are thinner, and at neighboring 
'places they exhibit still different characters. South,,-ard, 
the beds lose their argillaceous nature, and appear not to 
b., separable from the associated limestone. These layers, 
together with the "geode bed," which is usually consid-
oZGeo1. Iowa, Vo1. I, p. 97. Albany, 1858. 
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~red the uppe; member of the Keokuk, may be regarded 
as mere local developments to which little importance is 
to be attached. In a quarry a short distance northwest of 
Ranel Park, at Keokuk, Iowa, there is a good exposure, 
showing the upper surface of the buft' arenaceous lime-
stone to be water-worn and' weathered i and directly upon 
the eroded rock rests twent:)T feet of br~cciated limestone. 
'Vhether or not this can be regarded as a portion of an 
ancient laud surface, older than the SaiutLouis limestone, 
depends partly upon the results of further investigation 
and partly upon the final decision as to the origin of the 
brecciated rock. 
At Hall's typical locality it is manifest that the War-
saw beds are properly the superior portion of the Keokuk 
limestone. This inference is directly derivable from the 
faunal and stratigraphical features, and in a less marked 
degree from the lithological characters of the deposits. The 
1ayers passing under this Ilame reported from otlIcr local-
ities are now known to have various relationships with the 
overlying and underlying strata. Alleged faunal peculiar-
ities have usually been the chief grounds for considering 
the Warsaw as a distinct subdivision of the Lower Carbon-
iferons. :Most writers 011 the subject have united the beds 
under discussion with the Saint Louis; n few with the 
Keokuk. This difference of opinion has arisen largely 
from the assun:iptions made at the place most thoroughly 
studied by "the respective authors, without due allowance 
being made for the varying conditions in separated local-
ities. A careful comparison of' notes and a somewhat ex-
tended study in the field show that the term" ""'ursaw" 
has been loosely npplied since its original appearance as a 
geological name. "In the majority of. cases the so-called 
Warsaw is clearly the lower part of the Saint J>ouis 
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limestone. Tln;s the writers aboye alluded to were, 
perfectly correct in contending thnt the "Wl)rsaw," 
~s they understood it, was really a portion of the Saint 
Louis. But it is a mistake to claim that the "War-
saw" of all localities is Saint Louis. It is apparent, 
then, that in some places the so-called Wal'saw cannot be 
separated from the Saint Louis limestone; in other it is 
best united with the Keokuk. It seems better, therefore, 
to drop the term iu its application to a ,listinct section of 
the Lower Carboniferons, or Mississippian series, with .. 
rank equal to the other subdivisions here recognize,l. 
Uses.-The Augusta limestones are qnarried rather ex-
iensiYely, the chieflooalities being'utColumbusJunction, 
Burlington and yicinity, Fort Madison, Keokuk, Bona-
parte, Bentonsport and Keosauqua. The rocks at Burling-
ton are used for ordinary masonry, some of the layers, the 
more massive ones, forming a fairly good material for build-
ipg. A good quality of lime could be manufactured, but 
at the present 'time only one or two small kilns are in 
ope1'8tion. Farther southward the Burlington limestone 
is quarried in large quantiiies for the manufacture of lime 
as well as for ordinary masonry. The lower layers at 
Keoknk haye been used for bridge work and all kinds of 
common masonry. A good quality of lime is burned in 
yarious places in the y(cinities of the towns just men-
tioned. The sandy magnesian layers at the top of the 
Keokuk limestone hay~ been used extensively for build-
. lng, and n number of churches and other stl'UCttU13S are 
composed of this material. Along the Des Moines riYer 
the rocks of this formation were formerly used iargely in 
the construction of dams at the time when sl~ck-\Vater 
navigation was proposed foj; the Des ~I6ines river. 
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SAINT I .. OUIS UMESTONB. 
The light, ash-colored limestones occurring ill Iowa, 
and now known under the lintue of Saint IJonis, were fi.r~t 
mcnt.ioned by Owen undor the title of Concret.ional'Y lime-
stone. Near the mouth of the Missouri river, where these 
fo'cks attain a much greater development, Shumard gave 
them the name of t.he leading place in t.he region. Siuco 
this recognition by SInuuard, little difficulty has been' en-
countered in locatiilg the Saint Louis limestone over a· 
wide st.retch of country. Its northern border is several 
hundred miles beyond nIly known exposure of Keokuk 
rocks. From this limit nearly to the month of the :Mis-
SDlll'i river the limestone is quite thin, but southward it 
rapidly thickens unt.il in Ste. Genevieve county, Missouri, 
it att.ains a measurement of mOTe than 300 feet, and stili 
farther southeastward marc than double the thickness 
known in the state mentioned. Everywhere over the 
northern area of the Saint Louis a characteristic breccia-
ted rock is observable, but south of' the :Missouri river 
evenly bedded limerocks fire present, with occasional ex-
tensive heds of oolite. 
In lawn the Saint I,ollis has probably a surface expo-
sure much greater than any other member of the Lower 
Carbonifei·ons. Its outcrops are nhllndallt throughout the 
southeastern port.ion of -the Sta1e, and extend west.ward 
along the Skunk and Des Moines rivers to within thirt~y 
iniles of the city of Des Moines. North of the last out-
crop mentioned these rocks do not appeal' again at the sur-
face until the vicinity of Ames is reached. ·1 t is also well 
exposed in the neighborhood of Fort Dodge, 
Lithologically the base of this limestone is generally a 
well-marked breccia, made up of a very fine-grained, com-
pact, blue limestqne, which breaks with a conchoidal frnc-
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ture. The fragments nre Jlllgulul' and vary in size from a few 
inches to several feet. 'rhe interstices nre filled with a 
. Qla~rey, calcareons material which is usuaHy much softer 
t11:111 the limestone, and h~ weuthoring allows the lirocstone 
boulders to pl'Ojeet far beyond the matrix. Abovo the 
brecciated portion of this limestone t.he strata moo lnid 
down Vel'y il'l'egulal'ly, but upward rapidly pass into 
evenly bedded layers. (Figure 3.) 
Figu." J- Rase oflhe 5:'11nl l.ouis limestone at Keokuk. 
Capping the Saint Louis limestone is often scell ten to 
twent.y feet of white calcal'conslUal'l, which is usually highly 
fossiliferous. Some of the best exposures of this plastic 
upper member of the Saint Louis are to b~ seen neal' Fort 
Dodge, in the north-central ,part of the State, at Harvey 
und Tracey, in l\Ial'ion county, In many places this mal'l 
had been cOlllpletely eroded previous to the deposition of 
the coal measures. .A t Elk Cliff, a few miles frolll Har-
vey, as well as elsewhere in the vicinity, the coal mCI1S11l'O 
strata rest. directly npon the hard limestone. (Plate viii.) 
'1'he uncyenly eroded sm'face of the Saint Louis limestone 
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will be referred to farther on, iiI connection with the re- . 
marks on the uncouformity of the Coal Measures upon the 
Lower Carboniferous. The thinness of the li~estone al- . 
ready alluded to is due partly to the thinning out of the 
stratn northward and partly to subrerial erosion previous 
to the laying down of the Coal Measures in the region . 
. The faunal features of the ·Saint Louis are very peculiar in 
many respects, and quite different from those of both the 
overlying and underlying strata, particularly of the latter. 
U.es.-The Saint Louis limestone is made up largely of 
pure calcium carbonate. Quick-lime is manufactured 
at numerous places throughout the range of the 
formation. The limestone is also quarried for ordinary 
masonry. At Tracey and elsewhere in Marion COUilty, and 
in Wapello and Van Buren counties, certain layers of the 
Saint Louis limestone furnish excellent material for heavy 
constructional purposes, bridge piers and fonndations. 
~ASKASKIA, OR U CHESTER," BEDS. 
Although no pnrt of Iowa appears to have rocks. be-
longing to the upper member of the Lower Cai'boniferous, 
the fOl'mation is of particular interest, inasmuch as 
throughout the present ama of Iowa the Kaskaskia epoch 
represents a long period of erosion. In southern Missouri 
amI Illinois this formation is a ti-iple division. The basal 
portion has been called the Aux Vases sandstone; In 
southern Illinois and southeastern Missouri the Kaskaskia 
comprises extensive beds of limestorie and shale. Every-
where over this district the calcareons portions, which 
greatly predominate in the lower part of the group, are 
underlaid by a fine-grained, fenuginous sandrock. This 
sandstone is Baid to be recognizable above the city of Saint 
I.ouis, where it is a dozen feetm' more in thick~,!ss; south-
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ward it rapidly thickens until in the vicinity of the typical 
. locality it attains a maximum measurement of morc Hum 
100 feet. 
'fhe true significance of this great sandstone separat-
ing the Saint Louis and Kaskaskia limestones does not 
appeal' heretofore to have heellunderstood fully, espeeially 
-when taken in connection with the absence. of Kaskaskia 
rocks north of the Missouri river. Here is an extension 
of limestone-the Saint Louis-that before the Coal ~Ieas­
ures werc laid down was greatly eroded over a large part 
of its area, and over another adjoining portion having a 
great sandstone superimposed. This would seem to huli-
cate that the broad expanse of water which during the 
deposition of the Saint Louis beds reached uearly to the 
present northerll boundaries of Iowa, had retreated more 
than 400 miles to the southward. Dry land existed over a 
large part of the area formerly covered by the Saint I.ouis 
waters, and bordering this continental mass arenaceons 
deposits were laid down in the shallow littoral waters. 
In all the CarbonifCl'ol1s of the Mississippi basin, there-
fore, no gronp of st.rata appem's to forIll a hetter defined 
natural geological unit than those rocks commonly passing 
under the name of Kaskaskia or Ohester. 
'rho great uron~ceous deposit lying at the base of the 
Kaskaskia limestone has been termed the U ferruginous 
sandstone" by Shumard and others. 1\-fany observers, 
however, have confounded it with a lithologically similar 
sandrock sitnated at the base of the Coal Measures, which 
11S is well known, is located upon, instead of under, the 
Kaskaskin. For convenience, in refereJ:lce, and to avoid 
further confusion, this great sandstone will be called hom 
the Aux Vases sandstone, from the river of that name in 
Ste. Genevieve county, 1\Iissonri, on which the rock is ex-
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posed. Of COllrse, in northern Missouri and Iowa, where 
the snperior member of the Mississippian series is want-
ing, the basal sandrock of tbe Coal Measlll'es occupies ap- . 
parently the same stratigraphical position as the lower 
Kaskaskia sandstone, that is,. directly superimposed upon 
the Saint Louis. 
The Kaskaskia limestone propel' is composed of heav-
ily bedded limestones below, and of plastic clay-shales, 
with thin calcareous bands, above. Everywhere over 
those portions of the upper Mississippi valley in which the 
Kaskaskia is absent the Saint LOllis rocks, as already 
stated, are weathered and deeply channeled, many gorges 
passing downward even into the Keoknk, thns showing 
pretty conclnsively that these portions of the territory , 
were actually above sea,level dnring a part of the Kaskas-
kia deposition. That the northern shore-line continued 
to move sonthward aftm' the Kaskaskia epoch had hegun, 
'and perhaps even until the latter half of the period had 
set in, is shown by the successhre attenuations of the sev-
eral beds and by the deeply ex~avated ravines, where 
were laid down the local deposits of sOI\dstones and shales 
of the Coal Measnres. In a number of cases, at least, 
these harderied sand accllmulations, lying in narrow gorges, 
have been ,regarded 'erroneonsly as local depositions of 
Kaskaskia grit, intercalated, in the shales and limestone. 
Furthermore, these consolidated sands contain plant re-
mains, and inasmuch as they have been considered as part 
of the Kaskaskia, it is qnite probable that this will ac-
cOllnt for some of the reported discoveries of terrestrial 
floras in the rocks of the 'Mississippian series. 
Fannally, and especially stratigraphically, the Kaskas-
kia, as displayed m'erywhere over' a broad area adjacent to 
the line of the principal section, appears separated h.}._ 
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the Saint Louis far inoro widely than any other two mem-
bers of the entire lower Carboniferons in the continental 
interior. 
The term "Chestm,1I has been uscd by some authors 
for the beds here designated as Knsknskia. 'fhere seems 
to be, howevor, but little doubt that tho lntter name was 
published several years before Chester made its appear-
ance in print. To be sure, 'Vorthen, while nu assistant of 
NOl'wQocl on the geological stlI'vey of Illinois, did.snggest, 
orally or in his manuscript notes, as early as 1853; the 
nmne H qhester" for the beds in question j but the name· 
was known for several years ouly to members of Nor-
wood's corps, as "Tortlum himself says.* It was at least a 
dozen years later before the term was published with defi-
nite st.rat.igraphical significance, and then with the full 
knowledge that it eovered the same ground as Hall's 
"Kaskaskia." Hall, as early as 1856, read a paper before 
the Albany Institute, in which he proposed a classification 
of the lower Carboniferous of the nIississippi basin; and 
two years later he published essentially the same scheme 
in his Iowa l'eport,t accompanied by a clear description of 
this fOl'mation. Kaskaskia must necessarily be ret-ained, 
therefol'O, for the upper member of the :Mississippian 
series in preference to "Chester." If it is desirable to 
keep the latter term in geological nomenclature, it might 
he advisable to restrict it to the upper shaley division, 
which can advantageously be distinguished from the lower 
massive limestones, and "Chester shales/' as they are 
. now often called locally, could still be made a useful 
term. 
lIIGeol. Sur. Illinois, Vol. I, p .. fl. JS66. 
tGeo1. Iowa, Vol. T. p. 109. IS5';'. 
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The Pl'esent Classification of the Lower .Carbonifel'Olls. 
From the foregoing considerations of the differeilt 
members of the Lower Carboniferous or 1'.Iississippiull, it is 
to be inferred that on the best lithological, stratigraphical 
and fannal evidence now at hand, the series em braces four 
groups. These and their various subdivisions that have 
been recognized from time to time, m'e tabulated on 
page 50. The names given in quotation marks are local 
applications. The Kaskaskia, aside from the basal sand-
stone, appears to be a well-defined, two-fold division, and 
it seenis advisable to keep the two members distinct, 
though special names are not retained for them here. The 
Saint Louis and Kaskaskia correspond essentially to Will-
iams' "Ste. Genevieve gl'OUp." 
The.great abundance of fossils in all of the members of 
the l\fississippial~ series of the interior basin, luakes the 
faunal test perhaps the most important of all in attempt-
ing a rational classification of the rocks of the region. 
Heretofore the remains of ancient life foulld in these rocks 
have been considered either from a purely biological point 
of view t 01', in the majority of cases, from the standpoint 
of the mere species-maker; and it is only within the past 
rew Yllars that large numbers of species taken together 
have been compared )vith one another in order to marshal 
the confused hosts into orderly arrangement, so that fau-
nas may be studied as a whole. 
The second important consideration to be taken into 
account in the present connection is the stratigraphical 
. testimony. In the case of the Kaskaskia the physical 
breaks. are nnusnally prominent hothabove and below, over 
its entire extent, in the upper Mississippi valley. What 
has just been said of the upper memher 'of the series is 
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equally true of the one immediately ulldel'iyillg, though 
in n less marke,l degree, nnd ov.er only a part of its super-
ficial occur1·ence. Between the lower two groups the phys-
ical contilluity is scnrcely broken, and the separatioil is 
chiefly UpOIl faunal and lithologic gromuls. 
Lithologically the upper two niembe,:s of the MississilJ-
pinn nre more alike than any of the others; yet as a rule 
theya1'C rendilytlistillguishable everywhere. The Augusta 
is over all its l'ange encrinital, and stands out in marked 
contrast with the other three sections; while the lower 
subdivision is very different again, both in the calcareons 
and the argillaceous portions. 
. In regard to the minor subdivisions of the fonr gl'Otips 
above meutioned, much might be said. The seveml sec-
tional names proposed nt YRl'iOUB times have had wide 
values, and, moreoy~r, have been applied rather loosely. 
In the Kaskaskia the upper shales and the lower lilI1e-
stones of Ohester, Illinois, have been differentiated, while· 
the Anx Vases sandstone has been 'placed at the base of 
the group provisionally. It has. not had, as yet, sufficient 
'study ovei' its enti1'C exposure to satisfaotorily conside,' its 
relationship in all its phases. Oertain it is, however, that 
when the continental area north of the p~esent city of 
Saint Louis was heing subjected to denundation prior to 
the deposition of the lower Ooal Measures the great sand-
stone was laid down south of that point in the shallow 
littoral waters of the iuterior sea. 
The Saint Louis group has been divided into three 
limestones. Ofthese the Ste. Genevieve has never come into 
general usage, and practically has been forgotten. . The 
Saint rAmis limestone itself has been widely recognized, 
and in many places the lower portions have been corre-
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. , 
lated with the Warsaw beds .s developed at the mouth' <if 
the'Des Moines river. 
The August~ group is now niade to include all five of 
the hitherto recognized beds, ·the Warsaw proper, 'tI,e 
" gemIe" layer, the Ke.okuk and the' upper and lower 
Burlington limestones. ' . 
. The Kinderhook group is a three-fold division whose 
seveml members are· strongly contrasted and persistent 
oyer- wide areas. 
Upper Carboniferous, or. Pennsylvanian Series. 
(Coal Measures.) 
Genem!' OO1lsidel'lltions.-The coal bearing strata of 
Imva form the northernmost extension of the great inte' 
rim' coal field of the American conti,nent. This basin 
comprises northwe~tern Kentucky, southwestern Indiana, 
southern and central Illinois, the southern" 'third 
ofIowa, the northwestern half of ~Iissouri, the extreme 
eastern 'border of Nebraska; Kansas and Ingian Territory, 
western Arkansas, and extends still farther, southwest-
ward in a narrow belt illto central Tex.s. The Mississippi 
river divides the area into two' parts: an eastern district, 
including about one-thh'd of the entire basin, and a west-
ern portion embracing the remaining two-thirds. Along 
the dividing line the great water~course has cut its chan~ 
nel completely throllgh the coal strata, exposing in a nar-
row border on each side. rocks much older. Everywhere 
within the limits of the area just bonnded along the bor-
ders of the stream· outliers or pockets of the coal-bearing 
layers are follnd in ancient gorges and 'depressions, the 
connecting begs, if they. ever, existed, h~ving been ,almost. 
completely removed through erosion, leaving only scat-
tered remnants of their once greater extension. The 
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-stratn rofo1'rod to covel' a littlo ovor one-third of tho entire 
surt:'lce of Iowa. Geometrically the area is a trapeziulll 
with the entire southern boundary of tho State forIlling 
one si.de; t.he :Missouri !'iver another; an irregularly 
curved line connecting Keokuk and Fort Dodge a t.hird j 
while the fourth or northwesterly side is not as yet well 
defined on account of the deep deposits of drift materials 
covering the region, but it is probably approximately along 
a sinuous linc running from Fort. Dodge to Council ;Blnffs. 
Beyond the boundaries mentioned, eastward especially, 
outliers of coal deposits are scattered even as far north as 
Jackson county) all the :Mississippi river. :Many of these 
isolated basins afford seams of coal sufficiently thick for 
profitable working. 
The distribution of the coal-bearing rocks of the State, 
as briefly described above) is shown graphicalty in the ac-
companying sketch map. (Plate vi.) It will be noticed 
that the rocks having the same geological age as the coal 
of Iowa, and in which them is more 01' less likelihood of 
obtaining coal, are distributed over one-half of the· total 
llmnber of counties in the St.ate. The urea covered by 
these Carboniferous strata is not far from 20,000 square' 
miles. 
It must not be inferred, however, that the coal is equally 
distributed OVel' all of this area, for such is not the case. 
The broad belt running southeast and northwest, and tra-
versed its entire length by the Des Uoines river froll Fort 
Dodge to Keokuk, has heretofore been found to be much 
more productive of coal thau other parts of the district. 
Lately in places outside of this belt coal has been discov-
ered in· abundance. Uines are rapidly being opened 
throughout this area, oftei, where the presence of the com-
modity was unsuspected bef<:>re. ti G. Rep. 
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Topograpl,y.-The surface of the Iowa coal region is 
topographioally a gently undulating plain, moderately ele-
vated, and tilted slightly southward. The larger water-
courses traversing this district have cut their channels 
rather rapidly to a moderate depth. On this account, in 
the vicinity of these streams the conntry is much more-
broken than in the interior, and the slopes deBcend often. 
quite abruptly. 
The. elevations of the places in. the subjoined table-
show the altitudes above the Bea-level of the different parts. 
of the plain: 
Keokuk __ ._____________________________________________________ 62S 
Ottumwa ________________ .________ _____________________________ 740 
Newton. ________________ ._______________________________________ 958 
Des lI[oines.____________________________________________________ 920 
Boonsboro ______ .:. ___ . ___ • _____ .0 .. _. _____________ .. ___ ____ ________ 1,160 
Fort Dodge ________________________________ u ._. ________________ Y,125 
Osceola __________ ._. ___________ • __________ ". ___ ___ • ______ ~ ____ ~ 1,123 
Council mllilS ___________________________________________________ 1,1,38 
Red Oak _____________ ; _________________________________________ 1,033 
Where the larger streams cut the elevated plain the· 
altitudes are from 150 to 200 feet lower than those of the 
general surface. 
All of the coal region of Iowa lies within the limitB of 
the glaciated area, and the entire surface is covered, conBe-
quently, with glacial d6bris, often. to a considerable depth. 
The topography of the State is thus greatly subdued by the· 
deposits of drift and loess. 
Drainage.-The extreme eastern margin of .the Iowa. 
coal district is watered by the two sluggish branches of the· 
Skunk river. West of this basin the Des Moines, flowing 
southeasteHy, ·drains more than one-third of the. entire· 
area; while the southwestern part of the State is' cut by-
numerons small tributaries of the Missouri river. 
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Geological 8ubdivi~io,,~.-With the exception of a few 
oarbonaceous seams in the Cretaceous "ooks in tho north-
western part of the State, the coal-bearing strata of Iowa 
belong to the median portion of the Carhoniferous age, or-
Coal Measures. The rooks of this formation are made up-
largely of argillaceons materials, with sandstones and lime-
stones, the coal beds forming an inconspicuous part of the 
entire series. It has been customary in ~Iis.omi and Iowa 
to subdivide the Coal Measures into: 
(3) Upper Coal Measures. 
(2) Middle Coal Measure •. 
(1) Lower Coal Measures. 
The exact lines of demarkation have been very differ-
ent in the various state. within the limits of the inierior 
coal field. In Iowa and Missouri, for instanoo, the 
" lower" Coal Measures of the former do not correspond 
at all with the similarly named divisions repre.ented in: 
the latter state. The same may be said in regard to the 
so-called middle and the upper Coal Measures of these tW(} 
provinces. White, following the idea already suggested, 
also divided the Coal Measures of I(}wa into Lower, Middle 
and Upper divisions, each of which he regarded about 200 
feet in thickness. Recently it has been shown* that the 
respective thicknesses of the three formations already re-
ferred to are very different from the measmements ascribed 
to them by the author just nientioned. The vertical dis-
tance between the base and the top of the lower _ member 
. is more than double the distance usually given,. or over 
400 feet. White's middle member is very much thinner 
than was at first supposed. From investigations lately 
made in both Iowa and Missouri, the actual thickness of 
the" upper" Coal ~Ieasures is found to be more than five 
~Keyes: Bul. Geol. Soc. America, Vot. II, pp. 277-292. RochfSter, ISgi. 
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times the vertical distance formerly estimated, that is, 
more than 1,000 feet "'inslaw, from special observations 
in northwestern lIIissoUl'i, concludes that the II Upper" 
Coal :MenSlll'eS cannot be less than 2,000 feet in maximum 
t.hickness. 
In considering the Coal Measures as a whole, two tol-
erably distinct classes of sediments are readily recogliized: 
(1) the marginal or coastal deposits, and (2) the beds laid 
down in the more open sea, 
These two categories are sharply contrasted lithologic-
ally, stratigraphically and faunally. 'fhe first is charac-
terized by the rocks being predominantly clay-shales and 
sandstones, with practically no limestones. The individ-
ual beds have usually a very limited extent, and replace 
. one another in rapid succession, both laterally and verti-
cally. 'fhe sandstones often form great lenticular masses, 
sometimes deeply channeled on the upper surface, the ex-
cavations being filled with Coal Measure clays. 'fhese and 
many other phenomena attest a constantly shifting shore-
line and shallow waters. 'fhe fossils contained are nearly 
all brackjsh water forms or shore species. Remains of 
pelagic organisms are not numerous. 
On the other hand, the second class above mentioned 
is made up largely of calcareous shales, with heavy beds of 
limestone. 'fhe layers are evenly bedded, and extend over 
very considerable:distances. The faunas are chiefly com-
posed of strictly open sea forms. 
As the conditions of deposition were evidently those of 
a slowly sinking shore, the marginal deposits as a whole 
practically underlie the open sea formations, tho former 
being regarded as the Lower Coal Measures and the latter 
as the Upper Coal Measures. At the same time it must be 
remembered that this does not necessarily imply that the 
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"lower" measures are to .be cousidered much older than 
the" upper," but rather that along the great and succes-
sive planes of sedimentation different beds of the upper 
Bnd lower divisions were laid down contempornneously. 
While the general divisions of the Coal Measnres may 
be readily recognized, it does not seem advisable to dra", 
an exact line of demarkation between the two formations 
until the evidence of the faunal studies already begnn has 
been fnlly taken into cOl!sideration and a comparison of 
the results of the different methods of solving the problem 
is made. 
With this idea of the Coal Measures of the interiOl' 
basin, the limits of the two formations in Iowa assume 
Bomewhat different lines of separation from those which 
ha"e been commonly recognized. 
It is proposed, therefore, to divide the" Upper" Car-
boniferous, or Pennsylvanian series, into: 
(2) The Missonri Stage. 
(1) The Des }Ioines Stage. 
The Dell llIoines jm'lnation represents the lower Coal 
Measures, or the marginal deposits of the npper Carbonif-
er~us. It. takes its name from the Des Moines river, 
which flows for more than 200 miles directly through ·the 
beds of tbi" terrane. It extends into Missouri, and fol-
·1011'5 the northern and western boundaries of the Ozark 
uplift into Kansas and Indian Territory. 
Tl .. ,lNssouri ierrane conesponds essentially with the 
. "upper" emil lIeaslll'es, representing the lllore stl'ic~ly 
marine beds. It is the formation· typically d.yeloped in 
the northwestem part of . the state of Missouri. The Mis-
.ouri river also winds its way for more than 400 miles 
throngh the beds. of this stnge, exposing numberless fine 
.octions on both sides of the st!;oam througl;ont the entire 
distance. ' 
86 OEOI.OGICAL FORMATIONS OF IOWA. 
DES ::'llOINES BEDS, OR LOWER COAL :MEASURES. 
IAlholo!!y Of Ihe L01Vcr Coal,lIcas",·cs. 
In order of their abundance the ,·ocks of the Iowa Coal 
Measures fire clay-shales, sandstones, limestones and coals. 
The secondary part that the calcareous beds play in the 
upper Carboniferous of the State, especially in the lower 
divisions, sharply distinguishes the formation from the 
other Paleozoic l·ocks. Below, the Coal i\Ieasures rest on 
a great basement of massive limestones, with but few clay 
or sand beds of separation. Not less striking is the rela-
tive thinness, as a rule, of the individual layers which fol~ 
low and replace one another, upwards and laterally, in 
rapid succession. Often wit.hin a vertical distance of a 
few inches or a few feet, layers of clay, sand or shale are 
succeeded by different strata, or else are changed both in 
color and chemical composition. 
If the upper and lower divisions of the Coal Measures 
in Iowa were to be contrasted upon a single lithological 
character, it would be found that the former is preyail-
ingly calcareous; the latter prevailingly argillaceous. 
Further comparing, the upper DIeasures hav8.cven their 
clay-shales charged with disseminated lime; the lower 
measures have their limestone beds commonly in thin. 
hands, few in number. The sand heds in the superior 
portion of the upper Carboniferous are usually shaley, 
mixe,! with mnch calcareous and clayey material; in the 
inferior part the arenaceous formations are often great 
sandstones, frequently of very considerable geographic 
and vertical extent. As regards carbonaceous materials, 
there is a very great predominance in the "lower" Coal 
j',fcasures-not only disseminated through the clays, 
ffiQking them often highly bituminous, but concentrat"d 
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in very pure seams and beds, furnishing by fur the greater 
part of the coal mined in the State. 'rhe" upperll Coal 
Measurest though canoying some workable coal, are mea-
gerly supplied with bituminous matter as compared with 
the formation inlIlledintely underlying thom. 
The two subdivisions of the Upper Carboniferous being 
so well distinguished in n general way by their differences 
in constructional materials as well as in at-her ways, it 
would seem desirable to treat more especially and in detail 
the lithological features of the Lower and Upper members 
separately. 
o Clay-Shales.-As already intimated, these materials 
make up by far the greater part of the formation as rep-
resented in Iowa. On exposure to atmospheric agencies 
they quickly disintegrate into soft clays and are easily 
.carried nway by running water. For the most part they 
are ashen, drab, or black in color, though red, yellow, 
buff and blue shades are of not uncommon occurrence. In 
some localities the variegated shales-blue, red, drab, yel~ 
low and ashen indiscriminately mingled-predominate. 
The shales may be (1) argillaceous, (2) arenaceous, 
(3) calcareous, or (4) bituminous. Those of the first cate-
gory are usually rather light colored, massive and hard. 
By the gradual addition of fine sandy material on the one 
hand they pass imperceptibly into sandy shales; these 
again into shaley sandstones, and finally into hard, com-
pact sandrock. On the other hand, through the increase 
·of lime constituents these deposits grade into calcareous 
shales, then to earthy limestone, and finally to ordi-
nary Iimerock. In another direction carbonaceous matter 
may rapidly become prominent; the shales acquire a dark 
color, assume a highly bituminous character and finally 
pass into coaly lnyers. These gradual transitions may 
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take place laterally in the same horizon, 01' vertically f"om 
one layer to another. 
III many places in the light colored clays crystallized 
gypsum occurs abundantly. At Des Moines, .for instance, 
where diamond-shaped crystals of selenite are the more 
plentiful, it is not an infrequent OCCl11'l'ence to fill~ 
indidduals greatly elongated in the direction of the ver-
tical axis, sometimes to a length of eight or ten inches .. 
In the latter twinning is quite common. Often the crys-
tals are acicular and, radiating from a center, form little 
rosettes, which lie ill great numbers on .the exposed sur-
face of clays. Occasionally the light colored shales also 
afford impressions of ferns and lepidodendron roots, but 
for the most part they are unfossiliferous. The dark col-
ored bituminous varieties, on the other hand, are often 
highly charged with organic remains. For a single local-
ity nearly one hundred species of invertebrates have been 
recognized, hesides a numher of fossil fishes and plant 
remains. 
Sands/ones.-Although a large amount of sandy material 
is present in the Goal ~Ieasul'es of the l'egion under COll-
sideratiOI~1 it is usually mixed with clay to such an extent 
as to actually fm'm sandy shales, In some cases, however, 
the sand eo.nstitutes a rock which is sufficiently compact 
to afford material for ordinary rough masonry. The hard 
portions of the sandstones m'e for the most part very lim-
ited, being only~ two or three feet in thickness; or in the 
form of large spherical concretions in a softer matrjx. 
These sOlnetimes attain a diametric measurement of fiye 
or six feet. Within the limits of the area in question there 
are some notable exceptions to the general character of the 
arenaceous deposits; as for example, the H Redrock" sand-
stone. This sandstone has long attracted popular atten-
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tion, 1'he bright yermillion cliffs rise to fi height of one 
hnndred to one hundred and fifty feet aboye the water StU'-
face of tho Des Moines river. The rcd colornt,ion of t.ho 
rock is, however, local, n:wrging laterally and downward 
into a yellow or buff color, At Redrock Cliff the stone is, 
for the most part, massive; but mthe!' soft and thin-bedded 
aboye, At this place it is a yery fine-grained and homo-
geneous sandrock, somo portions even affording excellent 
material for grindstones. But ~outhwestward, and at Elk 
Bluff, two nliles below, t.he sandstone passes into a fino-
grained, ferrugineous conglomerate. Occasionally large 
spherical cOllm'ctions are met with. In the upper part it 
becomes thinly bedded, with a considerable amount of clay 
intermingled, 'rhe base is rich in plaut remains; lcpido-
dfmdrids, sigillarids, cal3111ites, and ferns of many species. 
'rhe upper surface has been subjected to sub-rurial erosive 
agencies, as has been fnIly shown in another place.* The ~ 
formation is, then, an enormous consolidated sand-bod, 
having a geographic extent of more than twenty miles in 
one direction, and at least six or seven miles ill the other, 
with a maximum thickness not less thall 140 feet. 
The sandstone of){edrock has recent.ly come into pl'om-
inence as a building stone; amI is now used l110re or less 
extensively throughout the State for the better class of 
architectmal work. Long ago this rock was utilized in 
varions structures a~ Des nloines and elsewhere, but the 
method of obtaining it by blastiI;g shattered the stone so 
as to render it almost worthless for building purposes, It 
soon ren into disrepute, and for more than thirty years has 
not been used, .except for unimport.ant local masonry. 
Recently extensive steam sawing apparat.us has been 
brought in, the SfOllC being removed in huge blocks and 
~Am. Jour, Sci., (J), Vol. XLI, IIp. 273-276. 1891. 
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reduced by further sawing to sizes required. In this way 
the sandstone is not injnred as when the blasting method 
was in vogue. The resistance to crushing power of the . 
bettel' portions of the·rock is now considered to be nearly 
eqnal to any in the country. 
Of the other compact sandrocks of the Iowa Coal Meas-
ures, the most important, perhaps, is what is known as the 
"basal sandstone." Instea~ of being .. single bed, as might 
lie infelTed. from the name, it is, in fact; lI)ade up of a 
number of isolated masses. The name; however, is still 
very appropriate, as the rocks under consideration are usu,:, 
ally found at the base of the Coal i\Ieasnre series, filling 
depressions and old gorges erod~d in the underlying lime-
Figure 4- RelatiOll9 of'CoaJ Measure sandstone and Saint Louis limestone. Ft. I;Jodge. 
stones prior to the laying down of theU pper Carboniferous. 
Figure 4. The basal sandstones' are more conspicuous, 
perhaps, in the outliers of Carboniferous strata where the 
superincumbent beds have been removed through erosion. 
At Keokuk, in Lee county, sandrocks. of the character just 
described form the upper part of the bluffs along theMis-
sissippi and Des Moines rivers. They have a thickness of 
twenty-five feet or more, and are durable enough in places 
to furnish material for ordinary masonry. Plate ix shows 
the contact of the Coal Measures sandstone and the Saint 
Louis at Keokuk. The arenaceous beds commonly rest 
directly upon the Saint Louis limestone, the upper surface 
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of which is seen in many places to be deeply ero(led and 
nuevoIl. The sandstone at 1.he bottom is very unevenly 
cross-bedded , indicating the shallowness of the waters in 
which it was deposited. Similar luassive sandstoneg have 
long been quarried at l\Iuscntine, where certain parts of 
the beds have hard concretionary masses of spherical 
shape, very much like as in. the Redrock occurrences. 
Other exposures of Oarboniferous sandstones are found 
Figure 5. Bluffs capped br Coal Ml'llsurcsandstolle. De:;; l\Ioines. 
along the Iowa river. Figure 5 shows a section of the 
sandstone near Des :l\Ioines, on the river of the same name. 
As the whole, however, the sands of the Lower Coal Meas-
lires are distributed largely as sandy shales. 
The organic remains found in the sandstones and the 
more compact of the sandy shales are almost entirely 
plants. Beautifnl ferns are not uncommon. Many kinds 
of Lepidodendron and Sigillaria are very abnndant, as well 
as huge Calamites. In certain parts of' the Redrock sand' 
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stono, south of PelIo, Marion county, for "example, it is not 
unnsual to see tons of great. plant trunks, finely marked, 
lying in the talus at the foot of the mural escarpments 
along the Des Moines rh'er. Other localities are equally 
prolific of vegetable )·emains. 
Oalcareous Beds.-The linlestones of the Lower Coal 
Measures play an unimportant part in the lithological fea-
tures of the region. They consist' merely of a few thin 
bands, chiefly in the upper portion of the section, above 
the Lower Coal Measures as commonly designated in this 
State. Though seldom exceeding ten or twelve inches in 
thickness, these "colc81·eo11s bands are the "most persistent 
Dnd easily recognizable, over ,,·ide atoas, of any of the 
horizons in central Iowa. They are fragmentary or nodu-
lar, vel·y impure fl'om a large admixture of clayey mata-
rial, and more or less highly fossiliferous. 
OoaI8.-Little need be said here concerning the litho-
logical characters of the coals of the State. They are. all 
of bituminous varieties, though a few limited deposits 
of tolerably good cannel coal are known. The seams vary 
from a few inches to se,'en or eight and even ten feet in 
thickness, the·average of the veins at present worked 
being between four and five feet. These beds are disposed, 
not in tw,? or three continuous layers oyer the entire area, 
as has been commonly supposed, but in numerous lentic-
ular masses from a few hundred yards to several miles in 
extent. As a rnle, the coals .of the State are rather soft, 
and often contain some pyrites, besides frequently small 
flakes of lime 01' gypsnm along the lines of stratification 
and fracture. Thin shn\oy seams also occur. Almost 
wit.hont exception the workable conI' beds are underlaid by 
a soft white clay, which is often taken out alpng with the 
eoo.l and made into fire brick. The "fire-clny" has a 
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thickness from " few inches to several feet. Usually, 
roots of lepidodemlrons am found abundautly in the under 
clay. The roof of the coal beds is usually a bituminQus 
fissile shale, intensely black below, but commonly getting 
lighter colored upwards. 'l'he thickness of the ""oof" 
mnyvary1rom"n few inches to fifteen 01' twenty feet-. FOl' 
the most part the black shales are highly fossiliferous, 
There is p"esent, also, more or less pyrites iu irregular 
rounded nodules or in sharply bounded crystals. Fre-
quently just above the coal, in "the lowermost layers of the 
1'Oof, there is n black, nodular band of hard, calcareous ma-
terial, the individual spherical masses being called, locally, 
" nigger-heads." These' attain a measurement from 
one to ten feet "across, They are charged with fossils, 
chiefly lamellibranchs and gasteropods of great variety. 
The "nigger-heads" are quite distinct from the septarial 
masses often associated with the coal"and having the same 
gelleral appearance, 
Associated with the coal beds in many places are daI'k-
brown layers of compact massive rock, having a metallic 
ring when strnck with a hammer. It is one of the ores of 
iron. At Flagler, in Marion county, one bed ten inches 
thick separates a five-foot vein of coal into two;parts, 
, Stratigraphy of tlw Lower Coal ,1Ieasurcs. 
General Remarks.-Like the lithological characters, the 
stratigraphy of the Iowa Coal Mea~nres presents in a gen-
. oral way two rather ,veil markcd phases, the ono distinct-
ive of the 10IVer division and the othe,' of the npper por-
tion. of the coal series. In8,ffiueh as the first named 
divWon represents margin'" sediments, and the second 
open" sea deposits, ench mny be very appropriately consid-
ered separat"ly. 
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The Coal Measures of central Iowa, in Marion, Polk 
and Dallas counties, are perllaps better ~nderstood geo-
logically than in any other part of the State. Both the 
structure and arrangement of the coal-bearing strata have 
already received considerable attention. The phenomena 
presented may be taken as typical of a greater part of the 
Iowa coal field. 
Quite recently a very detailed section was made from 
Harvey, in the southwestern part of Marion county, along 
the line of the Des Moines river to the capital city, and 
thence up the Raccoon river to De SotoJ in Dallas county J 
a distance of sixty-five miles. The circumstances of its 
construction have been made very favorable by the nu-
merous excellent exposures afforded by railway lines that 
have been built nearly the entire distance on each side of 
the two streams. These railway cuts, taken togetlier with 
the natural outcrops on the rivers, permit the strati-
graphy of the district to be very satisfactorily traced in all 
the minor particulars. 
Along the line just specified, more than two hundred 
exposures were examined and measured, the different beds 
being carefully correlated in the field by direct passage 
from .point to point. Out of this number, ten of the 
most instructive and typical sections have been selected, 
and descriptive notes indicating the salient characters of 
the various strata appended. Each is marked on the 
accompanying general section, the base of which is the 
low-water limit in the Des Moines river. It is thought 
that the two methods of illustration will adequately pre-
sent, in the briefest. possi.ble manner, the leading geo-
logical features of the region. The stratigraphical rela-
tions of the several beds will find ,further explanation 
beyond. 
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TYPICAL SECTIOh"S. 
Tho Quaternary deposits have not yet been differ-
entiated with sufficient care to WB1'l'ant the sepamtioll, ill 
a gelleral section, of the dl'ift sheets and the loess. 
DETAILED DESCRIPTION OF A OROSS-SECTION IN OENTRAL IOWA •. 
I. Harvey E..po8"r8.-Qllarry in S. IV. qr. N. IV. qr. Bee. 4, 
T. 75 N., R. 18 IV. 
3. Drift. and loess (exposed) _______ . ____________________________ _ 
2. Gray altd ash-colored m.ul, \\;th abundant fossils: Spiriftya 
,keokuk HaU, Penlrellliles Aoni"~kia,,a Hall, ZaJhretdis 
sjillulifera Hall, Alllyris m61J1llldrala Hall, ProdllCtus mar-
FEET. 
gintJCillcf1ls Prout. ~nd others________________________________ 5 
1. Blue limestone, weathering brown in places, thinly bedded above (exposed) ______________________ . ___________________________ _ 
II. Coalport Secliol>.-8. E. q>:. S. Tv. qr. Sec. 4, T. 76 N., 
. R.19 lV. . 
6. Heavily bedded sandstone, with lepidodendrids, sigillarids, fil-
ices and calamItes below (exposed) _________________ ________ 15 
5. Dark colored clays and shales, sandy in places _________________ JO 
4. Coal (mined at this place) ----------------------______________ 5 
3. Dark claYs and bituminous shales ____________________________ ... 14 
2. Coal, raiher impure _________________________________________ 2 to 3 
I. Sandstone, very thinly bedded, and sandy shales (exposed to 
'Water's edge) ___________________ .: _'_______ ____ ____ ____ _____ __ 8 
No.6 of this section is not e.'(posed on the river bluff at this place, but crops. 
~ut in a ravine some distance inland • 
.III. Redroc" E"'pos"res (Plate VIII). 
12. -Drift and loess. with cb~racterisUc{ossils-----------------------
Drab and yellow, clayey shales ________________________________ 25 
Coal (small basin only) ______________________________________ 3 to 6 
9. Fire-clay, enclosing rouuded, water-worn pebbles, up to one foot 
in,diameter, of II Redrock" sandstone, most abundant on the 
sloping sides of an ancient ravi~e:_-------------------------- 1 
8. II Redrockl" sandstone; a fine-grained, massive, yellow and red 
sandrock, concretioilary in places. the upper surf'ac~ more or 
less weathered and channeled; maximum thickness more than 
ISO feet (exposed) __ ~ ___________ •. -- ______________________ . 5S 
7. Shale, laminated and highly bituminQUS _______ .:'_:.____________ 2' 
6. Yellow,sandstone, soft, fine-lirained and thinly bedded _________ 3-
s. White sandrock.' i::ompact._~ _____ : ___________________ ;. ___ • __ ._ L 
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nET. 
4. Yellow s.,ndstone (like No. 6) •• ~ •••• __ ••••••• ~ ••• _ •.• _._ •••• ~ 2 
3. Higbl)' bituminous sbales, laminated and coaly above and 
becoming more and morecoal·like westward • ___ ~ .~ ___ ~ .... 5 
2. White sandstone. fine-gmined, everywhere penetmted vertically 
by rootlelS otlepidodendrids •••••• __ .~. _. ____ ._ ••• _. 2 to 4 
1. Shales, ash-colored and )'el1ow (exposed to water's edge) ___ ._~. 20 
Numbers 12 to 8 are shown in a quarry at Redrock bluff, in N. W. qr. N. E. 
qr. Sec. lSI T. 77 N., R. 20 W., and are repreSented in figure J, plate X. The 
rest of the section is exposed on the opposite side of the Des Moines river, in S. 
W. qr. Sec. I, T.,.6 N., R. 20 W. 
1 v. nltnreath E"'poBlv,.es.-N. E. qr. Sec. 28, T. 771'1'., R. 
row. 
IS. Quaternary deposits _____ • __ ._._. ___ ••• ____ . _______ • ____ • ___ _ 
14. Clayey and sandy shales {exposed). _____ .---.--. __ • _____ ._____ 2S 
13. Dark dayey slate, \nth abundant ferns at base ._. ______ .. _____ _ 
Coal ... ___ .~ __ •• __ ..... __ . _______ • __________ • ____ ... __ ..... _ 5 
Fire-cI!lY __ ._ .......... _. ___ • ___ ............ _ ••••. _. __ .. ____ I~ 
Clayey and sandy shales .... _______________ .... __ • _______ .___ 45 
9. Sandstone~ massive and compact, in two layers, separated by a 
soft. sandy seam and a thin bituminous bed, with abundant 
calamites and a few lepidodendrids .. __________ ._ •• __ ~ ___ •.•• 
S. Darksbales, clayey and sandy _______________ •.• _ ••• _______ • __ 
7. 'Bituminous sbales • __ ._ ••••••• _ ••• _ •• ___ •• _______________ •• __ 6 
6. Coal, itupure in places __ •• _ ••• _____ • ___ • ___ •• _ •••• _ •• __ •• _. __ 
5· \"hite fire:-cJay ____ • _____ • .: ___ • ___________ • ______________ • _ 
4. Dark clayey shales --. __ -.- ____ .. _~ __ ._ •.• ______ • ________ _ 
3. Thinly bedded clayey sandstone, nith numerous lens-shaped 
septarial con~tions 'up to four feet in diameter _______ _______ 7 
2. Bituminousshales ____ • _____________ • __ • ____ .•. " __________ .__ .1 
I. Dark colored sandy and clayey shales (exposed) _______ .. ______ 45 
v. Bennington Seclion.-S. E. gr. N. TV. gr. Sec. 9, T. 77 
R.21 TV. 
7. Loess and stratified drift ____ • ________ ._ ---..... _____ • ________ . 47 
6. Yellow sandstone, thinly bedded __ .•. ___ ... ____ •• ______________ • 20 
5. Blue sandstone, with a layer oC white clay _.,. ___ • _______________ • I~ 
4. Bituminous shale, with a cOmpact, nodular and highly ferruginous 
band ••••••••• _ .••• __ •••• _ •••••••• _ •• _._ ••••• _____ ._ •• _ •• _.. 6 
J. COal .. _____________________ • ______ • ___ •• _. ___ ••• __ • __ •• _.____ 2 
2. Drab 6re-c1ay _____ ._. ____________ • _____ ._ .. _ •• ______ •••• ___ _ 
I. Sandy sbales (lmposed) •• _ •• __ .... ______ •• __ : ______ •• ___ •• _. _._ •• 
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VI. Fore! Bll~(j:-N. E. ql'. S. E. q". Sec. 10, 7: 77 N., 
R.22 IV. 
FliET. 9. Drift and loess. ___ ._. ___ • __ • ___ .• _________ • _____ ... _____ ._._ •• 10 
S. Light yellow sandstone, sort. hea\'iJybedded above, thinly bedded 
below, with much clay _____________ • ______________ . __________ 35 
7. Dark shale, llighly bituminous in places, with bard concretionary 
la}'er ___ ... _ .• ____ • _____________________ • ___________________ 2 
6. Fire·day, with sigillarid roots ___ • _____________ ... ______________ J4 
s. Drab shales, somewhatsalldyabo\'e. ______ • _____ • __________ •• __ u 
4. \Vhite clay ____ .- ______ A_A. _________ ._. _____ .__________________ 3 
J. Soft sandstone, buff, heavilybedded ... _________________________ 4 
2. \Vhite clay ______ . ___ . _____ ._~-- __________________ • _____ ";------ 4 
1. Sandy and clayey shales (e.xposed to water-level) ___________ .__ 25 
VII. Des 11Ioines Section.-(Sevcl"U1 Expos"rcs in the City 
of Des ,1Ioincs.) 
17_ Variegated clayey shales •• _____ ... __ • _________ ._______________ 15 
16, Blue, earthy limestone, nodular and we.'dhering brown; contains 
Producitls IImn"catllS N, aod P.; ChOlJdcs venu!ltilianlls N. 
and P., SfreplorkYllchus crcllislri«llllll Phillips • __________ .. __ M 
15. Variegated, clayey shales ___________ • __________________ •. _____ 8 
14. Bituminous shales, with concretionary masses below which can· 
tain Producllls 1II11ricaltis N_ and P., P. cora, d'Orb., etc. A thin 
coaly seam shown in some places • _____________ • ___________ • 3 
13. Light colored, clayey shales, drab and yellow ____ ______________ 7 
Variegated clay-sbales ____ • __________________ • __________ ______ 4 
II, Nodular limestone, earthy throughout, highly fossiliferous ______ J{ 
Light colored and variegated shales _____________________ ._____ 5 
9. Impure limestone, somewhat fossiliferou~---------.------------ I 
8. Light <:otored days ••• ____ • _____ • __ • ___________ ._. _____ •. _.___ 5 
7- Buff colored, micaceous sandstone, concretionary in places and 
passing into sandy shales elsewhere ----------------------15 to 25 
6. Light colored shales, sandy in places __________ • _______ ._______ 4 
5. Coal, impure .. _______________________________________________ 2 
4. Light and dark sandy shales ________ • _______________________ ._ 
3. Bituminous shales, highly fossiliferous ____ • __ ._. ______________ • 2 
Coal, rather impure ._. ______ • ______________________________ ._ 2 
I. Fire-day (exposed to water le\·el) ____________ • ___ .. ___ ~ ____ •• _ I 
VIII. Co",m",'ce ExpOSlm.-S. E. q". N. IV. q". Sec. 29, T. 
78 N., R. 25 TV. 6. Drift _______ .. _______ • _____________________________________ ._ 25 
5. Clay shales, passing into sandy shales__________________________ 20 
4. Buffsandstone, soft, thinly bedded ____________________________ 15 
'iG.R.ep. 
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FEET. 3. Variegat~ clays ~ _____________________________ . __________ .:. __ _ 
2. Dille limestone, in three layers, separated by partings of marL._ 2#' 
I. Whitesbales (e:'(posed to water,level) ___________ ~------------- I 
IX. Van 11Ietel' Bl'\ff:-S. lV. qr. N. E. q". Sec. 26, T. 78 N., 
R.27 lV. 1+ Drift. _______________________________________ . _____ . __ .'. __ _ 
13. Light colored shales, clayey __________ • _________________ ,_____ 7 
Compact. fossiliferous Iimest<me.______________________________ 6,M 
Fissile. bituminous shales, coaly below _________ .______________ t}i 
Light colored day-shales -. _________ • __ • __ • ____ .' _____________ 4 
9. Brown sandstone, hea\'ilybedded, alldcontaining ab~ndant roots 
oflepidodendrids and fronds afCems ______ •••••• ________ ~___ 4 
fl. Clayey shale, sandy above ________________ • ___________ ~_. __ .__ 6 
7. CO(lL ___ ~ _____________________________ • ________ ._.___________ ~ 
6. Variegated clays and shales ________________________________ _ 
S. Bituminous shales _________________________ • _________________ _ 
4. Fragmentary limestone. ___________________ • ___ • _______ • __ • __ 
3. Blue and gray shales _________ • _____________________________ _ 
2. BituminousshaJes, with concretionary layer above _____________ 2 
I. BIue, clayey shales (exposed)___________________ ______________ 5 
X. De Solo Section.-N. IV. qr. S. TV. qr. Sec. 30, T.78 N., 
R.27 IV. 14- Drift ________ . _______________________ . __________ • ____________ 15 
13. Gray limestone, fossiliferous ______________________ • ___ • ______ _ 
Variegated clay-shales _______________________________________ _ 
liutfsandstone, soft, thinly bedded and shaler .________________ 30 
Blue, clayey shale ______________ :._____________________________ 5 
9. Limestone, compact, fossiliferous______________________________ 2 
8. Highly bituminous shales, coaly below, with sev!'!ra1 clay partings 
7. Shaley sandstone, with highly ferruginous band abov~---------- 2}f 
6. San¢tone, compact _____________ ••• __ . __ • __________ :.__________ 3 
5. Shaler and clayey sandstone ____ • _______________ .______________ 6 
4. Coal ______________________ • ______ ••• ________________________ I~ 
3. Fire-i:)ay --- __ • ______________________________________________ , 4 
2. Fmgmentary limestone, fossiliferous __________ • _____ .__________ 2 
I. Light colored cL1.ys (exposed) ______ .__________________________ I 
Passing westward from Harvey at the southern ex-
tremity of the section, the Saint Louis limestone, over-
laid at frequent intervals by white, fossiliferous marls 
from a few inches to fifteen or twenty feet in thickness, 
disappears below the level of the water in the Des !\foines 
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river, at the bridge spanning t.he stream on the Pella and 
Knoxville road. This iimerock appears again at Elk 
cliff, just belmv the town of Redrock, in a low anticlinfr 
exposed for a few hundred yards. At various places this 
limestone shows its upper surface channeled and unevenly 
eroded, the soft, white clays which form the superior 
member of the formation in the district being completely 
removed. Coal Measure clays or sand fill these ancient 
ravines. The extent of the erosive action that took placfr 
prior to the deposition of the Coal Measures has not as 
yet been accurately made out. In a distance of ten miles, 
between Harvey and Elk cliff, where careful and satis-
factory measurements have been taken, it is known that 
not I~ss than seventy-five feet of shales intervene between 
the two horizons of the lower Coal Measure sediments in 
contact with the Saint Louis limestone of the twd places. 
The exposure at Ell<; cliff is very instructive for other 
reasons than those already mentioned. A small but deep 
ravine divides the section. On the left is the Concretion-
ary limestone--the last outcrop of the Saint Louis in 
central Iowa to be noted 'in the ascent of the Des ilfoines 
river. At this place it. rises, in a low arch, about fifteen 
feet above low-water. Overlying it are marly and some-
what sandy shales, which have a vertical exposure of six-
teen feet. The Redrock sandstone rises in vertical cliffs 
to a height of 150 feet. The inclination is 5° to the west-
ward; but the dip is perhaps even greater to the south-
ward. The strata are visible down' to the water's edge. 
'The direct line of contact between the arenaceous and 
calcareous beds is not shown, as the detritus brought down 
by the 'streamlet and the alluvial material deposited at its 
mouth by the Des 1foines during high water completely 
conceal the stratified rocks for several yards on each side 
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of the entrance. In his ascent of the Des Moines river, in 
1852, Owen observed the same exposUl'e alld thonght, that 
it indicated a fault of 150 feet or, more. It is probable, 
however, that the case is one similar to that exhibited at 
the Redrock quarry; and that the limestone area at "the 
time of deposition of t,he sandy material was a slowly 
sinking island or low promontory, which waS eventually 
completeiy covered by the arenaceo\\s deposits. 
, At the bottom of the Redrock bluff the fine-grained 
sandstone is very homogeneous, and rarely shows bedding 
planes. Toward: the top, however; the sandrock becomes 
thinly bedded. V firy different are the litllOlogical char-
acters of the stratum as exposed at Elk cliff, a cOllple of 
miles away, where, a fine-grained; ferruginous conglom-
erate takes the place of the sandstone. The dip is every-
where to the south,and west; and a short distance above 
the quarry just alhided to; the inclination is very consid-
erable. A mile beyond, the sandstone has disappeared 
completely and tbe section shows only shales and cl~ys. 
The space between ,the latter exposure and the last kuown 
outcrop of the sandstone is perhaps half a mile, the inter-
val being hidden by Quaternaty deposits down to the 
water-level. The abrupt change in the lithological char-
acters of the rocks in so short a distance luis heen men-
tioned by Owen* and Worthen,t but the true explanation 
is entirely differentfrom the suppositions of those writers. 
The strata overlying the sandstones as disclosed in the 
Redrock quarry are shown in the accompanying figure. 
(Plate viii, fig. 1.) The upper limit of the sandstone is 
very uneven and paved everywhere with rounded, water-
worn boulders and pebbles, deriyed from the sandstone 
"*Geol. Rep. Minn., Iowa and Wis. 185~. 
tGeo1. Iowa. 18.;S. 
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itself. A fire-clay covers this pavement; und upon it rests 
a coal bed having a thickness of six feet centrally, but 
rapidly thinning out laterally in both directions to a very 
unimportant, scarcely recognizable, bituminous seam, 
Northward, or at right angles to the face of the section, 
the coal is thicker. Superimposed upon the coal are drab 
and ush-colored, clayey shales having an exposed thick-
ness of thirty feet, but they are mauifestly mnch more 
extensive. From a consideration of this section, then, it 
is clear that before the superimposed coal seam was 
formed the vast sand-bed had been raised above the sur-
face of the wat"rs, consolidated, and then subjected 
to considerable denundation. In a small gorge or ravine, 
excavated in the sandstone, the carbonaceous material 
was deposited as the land was again being submerged. 
Immediately to the north of the section represented in 
the figure (which faces the south) the corrasion was much 
more vigorons, as is shown by the rapid inclination of 
the axis ~f the gorge in that direction; so that the section 
is actually across a tributary raviue opening into a large· 
basin in which the coal is now mined in large quantities. 
The inference is, then, that the abrupt disappearance of 
the great bed of sandstone in such a short distance as half 
a mile above the quarri where it has an exposnre of more 
thau one hundred feet, is not due wholly to the inclination 
of the stratum, but it is the result of great erosion in that 
direction, previons to the deposition of the shales and 
clnys; and that the massive sandstone really formed a 
bare hill of considerable height against which the subse-
quent deposits were laid, when the couditions favorable to 
sl1~h a change occurred. 
Hore, to all appearances, is an extensive sandstono 
formation with a nUlximum thickness of 11101"0 than one 
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hundred and fifty feet, 1ying nnconformably upon the 
Saint Lonis iimestone and with coal-bearing strata im-
posed nnconformably npon it. At one time it was thonght 
the sandy -member represented shore or estnary deposits 
of the Kaskaskia sea. Snch, however, was found not to 
be the case. A few miles below Elk cliff, as already 
remarked; exposures were observed showing fully seventy-
five feet of dark, sandy, clayey and bituminous shales 
between the sandstone and the Concretionary limestone. 
The shales carry at least two workable seams of good coal, 
<ine of which attains a thickness of.five to seven feet and 
has a very considerable geographical extent. 
The recent. observations, therefore, have cleafed up . 
many of the hitherto doubtful points concerning the geo, 
logical history of the Redrock sandstone. It is not the . 
bas.l member of tlie Coal Measures, as was regarded by 
Worthen; nor is it a shore extension of the Kaskaskia 
limestone; neither is its geographical extent as limited· as 
has been supposed. Twenty miles to the southeast of 
Redrock a sandstone of great thickness, having identical 
lithological characters and with a similar stratigraphical 
·position, is believed to be· its extension southward. 
It II)ay also rise a few feet above low-water in the north-
west corner of :Marion county. The most interesting con-
sideration in regard to the Redrock sandstone ·is the fact 
of its considerable elevation above the surface of the sea 
and its SUbjection to sub-rerial erosive agencies for a long 
period of time before submergence again took place. 
During the interval the great thickness of sandstone 
probably was almost entirely removed in places. 
A· short distance above the Redrock cliff the great 
sandstone disappears completely, not on account of rapid 
clips or faulting, but through erosion, which took place 
_. 
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during Carboniferous times-the same agencies which were 
nt work making the gorges in which roals und. shales were 
laid down. The latter arc inclined towards the west, form-
i'ng pm·tofu shallow syncline, as seen along the river: Eight 
miles above, near the old village of Bennington, the strata 
have ah:eady begnn to rise considel'ably. At this place a 
very instructive section is exposed along the riYer bank. 
A small portion is shown in the subjoined figure. 
(}1'ignre 6.) 
Figure 6. Section near Bennington, Marion Count)·. 
The succession of beds at Bennington is as follows: 
FEET. 
7. Drift. wlth stratified layers of gravel and sand, and containing 
numerous boulders up to three feet in diameter _______________ 40 
6. Shaley sandstone, containing much day, irregularly bedded below 
5. Bufi"salldstone, somewhatshaley in places. __ • ___ . ______________ IS 
4. Soft. bluesandstone _______________________________ .___________ J 
J. BufTsandstone, heavily bedded -________________________ .______ 4 
2. CoaL_________________________________________________________ 2 
1. Massive sandstone, buff, rather compact (exposed) _____________ _ 
In this section number 1, the massive, compact sand-
stone, is somewhat concretionary in places. It appears to 
be a small knoll, rising scarcely ten feet aboye the water-
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level of the river and is exposed horizontally only for' a 
dozen yards. Its rounded surface is considerably hard-
ened and more 01' less ferruginous. In lithological char-
acters this rock is identical in all respects with the Red-
rock sandstone and may represent the summit of an 
eroded elevation of that great sand stratum. Immedi-
ately overlying the sandstone and inclined at a consider-
able angle is a bed of coal two feet in thickness (number 
2). Above the coal is a heavily bedded, yellow sandstone 
(number 3) having a measurement. of foul' feet. This is 
followed by a soft, blue sandrock about three feet in thick-
ness. The buff, rather soft sandstone, which follows, is 
heavily bedded at first but gradually becomes more and 
more thinly bedded eastward. The layers are inclined at 
first about the same as the coal bed, bnt in passing down 
the stream the dip acquires a lower and lower angle until 
a quarter of a mile away the planes of stratification are 
nearly horizontal. Below number 6 is a thin, ferruginous 
band about two inches in thickness, very irregular and 
cutting across the underlying beds obliquely. It marks a 
very uneven surface. Above it are ten feet of thin, clayey 
salidstone layers and sandy shales, the bedding planes 
following the sinuosities of the inegular band at first, 
but quickly assuming a straight, horizontal position. The 
sandy shales WeI'e evidently more extensive, but were 
probably removed largely through glacial action. :More 
than forty feet of drift covel' them. 
From Bennington to Des lI-Ioines the strata are greatly 
undulatori, sometimes l'ising, sometimes sinking. Beyond 
Des 1\Ioines, westw.ard, the layers become nearly hori-
zontal, with very little or no change in the dip. This 
very noticeable differcnce in the laying down of the beds 
marks the passage from the "Lower" to the cc Upper" 
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Coal Measures-a transi-
tion from the marginal Gr 
co stal sediments to the 
more open sea deposits. 
The geological cross-
scction of the Carbonifer-
ous in central Iowa, as de-
~ scribed in detail in the 
'0 foregoing pages, may be j taken as representatiye of 
~ the Lower Coal Measures 
3 of the State. further spe-J cHic references are hardly 
.. necessary, as they will 
'0 be fully considered in an-i other place. 
~ A summary of facts. 
If bronght out ill the preccd-1 ing pages may be graphic-
.2 ally given in a generalized, 
~ or rather cOlnposite, sec-
.] tiOll, as shown in figure 7. ! Briefly stated, the s e 
~ facts may be enumerated 
" as follows: ~ (1) The Coal ~Ie3snl'es 
of Iowa were laid down 
over 311 ancient surface 
with hills alld Yales, ridges 
and gorges. The line of 
oyerlap passing over Lower 
Carboniferous, Devolliun, 
and eyen Silurian rocks. 
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(2) The unconformity of the LowerOoal ,Measures of 
Iowa upon limestones of the Lowei' Oarbonifero~s is much 
more pronounced. than heretofore suspected,"'l.'he' con-
firmation of this statement is found in exc~vations re-
cently made at Elk cliff, at Harvey; at Fairfieid; 'in J effer-
~on county, and elsewhere. " ' ' 
(3) The striking unconformities in the',Lower Coal 
Measures have never been so apparent as at present. The 
most remarkable instance of ' this sort is the case of the 
Redrock sandstone. The thick sand bed had' been mani-
festly consolidated, and elevated above the,surface of the 
sea for a c~nsiderable distance; then it was subjected to 
iong denundation, as is shown in the deep gorges and 
}'avines which are still preserved in the hard sandstone. 
So wide-spread was the action of the erosive agencies that 
,the gl'eat sandstone, more than one hundred and fifty feet 
iii ·thickness, was largely "emoved; 'and at the present 
'day only a few isolated outliers tell of its former great 
extent. When regional submergence again set in, the 
old gorges and shore depressions were occupied by small 
swamps. 
(4) The e,arliest formed coal seams are far more exten-
sive, both geographically and vertically, than the later 
olles. On the whole, the coal of Iowa may be regarded as 
distributed in iI1:numerable lenticular' basins, . sometimes 
several Dliles in diameter and six or seven feet in thick-
ness cent.rally, sometimes only a few hundred yards in 
extent. 'rhese occnr at many different horizons and inter-
lock with olle another, so that a boring may pass through 
a score 01' more conI horizons without meeting more than 
one or two veins of sufficient thickness for profitable 
wOI·king. . 
UNCONFOn3UTY OF COAL lIEABURES ON BEDS 1IEI.OUr • 107 
Variability ~f Stl'a/a·.-Before finishing the. cousider-
ation of the stratigraphical features of the Lower Coal 
Measures· the conclusion wiII probably be arrived at that 
the beds present great variability. Such is indeed the 
case. In fact, it is one of the most striking chamcter-
istics of the formation as represented in Iowa. The rapid 
passage from one bed to another lithologically very dis-
tinct-is every)vhere apparent, the transition. t ... king place 
vertically in different layers or laterally in the' same hori-
zon. . But the different stages and the manner of gradation 
of the various beds from one to another have already 
been described snfficiently. . . 
The Unconlm-mi!y BetlUeen the Coal .Jleasu,·es u1ld Saint 
Louis Limestone in IOlUa. 
As early as 1857, i~ II paper published in the American 
J ourual of Science, James Hall wrote: "I have ascertained 
in the most satisfactory manner that the coal fields of 
Iowa, Missouri and Illinois rest unconformably upon the 
strata ·beneath, whether these strata be Carboniferous lime-
stones, Devonian, Upper. Silurian or Lower Silurian 
l"ocks~"* Although no details were given, nor any refer-
ences to tho evidence made, this appears to be the first 
riotice calling attsntion to the existence of a physical break 
in the Carboniferous rocks of the )Iississippi basin. 
1\. decade later, White,t calling attention to the same 
fact, stated that another unconformity existed between the 
Saint Leuis limestone and the underlying rocks of the 
Lower Carboniferous. These remarks also appeared sub-
sequently in the Iowa repor!.! They are all very general 
. in their charactsr. But, there is added to Hall's ohserva-
"'Am. Jour. Sci., (2), Vo1. XXVII, p. IfJ10 New Haven, 1857. 
tAm. Jour. Sci., (2), Vol. XLV, pp. 331-334. New Haven, 1868. 
tGeology Iowa, Vol. I, pp. 225-229. Des Moines. i870-
108 GEOLOGICAL FORiUATIONS OF IOWA. 
tion the important fact that the Saint Louis limestone also 
overlaps in the State of Iowa. The nature of the physical 
break in question as exhibited in the upper Mississippi basin 
is fully considered elsewhere in connection with the para-
graphs on the oscillation of the Carboniferous shore-line. 
In Iowa, at least, it appears that the extension of the 
Coal Measures beyond the boundaries of the Saint Louis 
limestone was much more than an overlap in the ordinary 
s~nse of the word, such as might have taken place off 
shore in gradually deepening waters. It was a sinking of 
an ancient land surface that had been more or less pro-
foundly carved into hills and valleys, affording protected 
nooks favorable to swamp formation and the rapid accnm-
ulation of vegetable materials. 
In mining operations, especially east of the Des 
Moines river, the importance of these facts, concerning 
both the disposition of the coal beds towards the base of 
the series and the true nature of the bottom of the Coal 
Measures, can hardly be over-estimated. Instead of a per-
fectly flat plane as commonly supposed, the surface 
upon which the coal deposits were laid down was topo-
graphically not very unlike the present surface features, 
though of course there is no coincidence of hills and 
valleys, for un ancient elevat.ion often is exposed in one of 
the modern river beds. 
Unconformities in Ihc Coal ,]Jeas",·cB.-Local uncon-
formities in the Iowa Coalilleasures are well shown in a 
number of places. 1'he one noticed ill connection with the 
Redrock sandstone, already described in the geological 
cross-section of t.he ConI nIeasul'es in central Iowa, 
is· perhaps the most pl'ominent now knowll. It is 
fully 200 feet aboye the Lower Carboniferous lime-
stone. Scctions show an entire t.hickness of more 
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than 100 fcct of the Redrock .andstone to be removed 
through erosion: In other places coal beds fill the old 
gorges. Other physical breaks in the Coal Measures are 
indicated elsewhere along the same stream bnt at present 
they are more or less completely obscnred by debris. 
These phenomena go to show that during the deposition 
of the coal-bearing strata numerous minor oscillations of 
the shore-line occurred, allowing the waters to recede 
slightly and then again advance inland. 
Tldcl.:·nClllloj tlIBLow,,' Coa!.iJ[eas,.,.es.-Inconnection with 
the leading geological features of central Iowa as brought 
out by an examination of some of the natural exposures, 
allusion should be made to the information pertaini)lg tl) 
the Carboniferous rocks below the datum line of the gen-
eral section. While the notes already taken are quite 
voluminous, they are not at present in shape suitable for 
presentation. All attempts to secure reliable accounts of , 
the strata passed through in the borings and sinking of 
mine shafts have availed but little. since such informa-
tion is almost invariably withheld by the parties in 
charge of the operations: For this reason the difficulties 
of working out the structural details of this part of the 
Carboniferous series were somewhat greate. than they 
otherwise would have been; and the final results are thus 
considerably delayed. 
As already stated the general dip of the strata along 
the present line of investigation is southwestward. The 
mean thickness of the Lower Coal Mensures, as shown by 
. careful measurement of the various members, must origi-
nally have been considerably more than seven hundred feet. 
This determination was arrived at in the following way: 
At the most easterly exposure of the section, the distance 
from the Saint Louis limestone to an .easily recognizable 
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bed near the top of the bluff was perhaps fifty feet in a 
direotion normal to the dip. This particular layer was 
then traced to the point where it disappeared' below the 
datum line ·and the measurement was repeated in the 
same manner as before. Of course it is not to be sup-
posed that the present thickness of the Lower Coal Mens-
ures in central Iowa is nearly so great liS the figures 
above given would suggest; for in reality the maximum 
vertical measurement of the beds is .probably a little over 
one-half. this estimate, or not far from four hundred feet, 
as' is actully attested by b~rings. Erosion has largely re-
moved the coal-bearing strata of the district, and there-
fore the original thickness of these rocks is not preserved 
in anyone place. . 
E"tent ami Charactlfl' of lmiividual Coal Beds.-There is 
. an opinion prevalent among the ininers of the district 
that there are only three workable coal horizons. These 
are usually desiguated as the "first," "second" and 
"third" seams. Should any subordinate seams be en-
countered in the sinking of·a shaft, they are not taken 
into consideration. As a matter of fact the "three" 
veina are not contiI~uOU8 over areas of any great extent, 
and may have widelydilferent stratigraphical values, even 
within very short distances; the "first," "second" and 
" third" veins of one shaft being entirely distinct from 
the similarly called seams of another mine scarcely half a 
'mile away. A noteworthy instance for citation in this 
connection is a boring made near the city of Des ·Moines. 
It was 200 feet in depth. Twelve distinct coal horizons 
were met with, giving a total thickness of coal <if thirteen 
and one-halffeet, yet none of the beds were thick enough for 
profitable working. Only one-third of a mile away lVas a 
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mine removing coal Trom t\VO seams, one of \,thich was 
from four to lh'e feet in thickness. 
The stratigraphical importance of the coal seams is not 
so great as has been generally supposed, since the bitumin-
ous beds are, with very few exceptions, quite limited. Only 
a single case is known at present in which the geographic 
extent of a coal stratum is more than foUl' or five miles, 
and for the greater part of this distance the coal is but a 
few inches in thickness. It follows that the coal seams of 
the region are not nearly so extensive as commonly re-
garded, and that they possess little value in general cor-
relations. 
The basal coal seams in the Lower Coal Measures of 
Iowa appear to be much more extensive than those toward 
the top, where they may be only a few inches in vertical 
measurement and perhaps a hundred yards in extenl-
too small for representation in the general section. The, 
coal may, therefore,. be regarded as (lisposed in numerous 
basins of greater or less area, thickened centrally, but 
Flgare It. SedIoD In ~Iroad Cut at Terrace HiU, D~ Moines. 
gradually becoming attenuated toward the m~rgins, as 
sliown, in figure 11, at Terrace Hill, Des Moines. These 
are arranged in various horizons, interlocking with one 
another, but. separated by varying thicknesses of sand-
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stone and shale. Thus, at anyone point a dozen or more 
seams may be passed through in sinking a shaft, only two 
or three perhaps being workable. 
'fhis 3rI'angement is seen in the Des Moines river sec-
tion of the Lower Coal Measures. (Plate vii.) It may be 
more clearly represented by figure 12: 
The disposition of t.he coal in numerous, limited, len-
ticular basins instead of a rew layers extending over broad 
areas is of th~ utmost importance from a purely econom-
ical standpoint. In all mining operations and in all pros-
pecting it is very essential that this fact be kept con-
FigUre 12 Stratigraphical Arrangement orthe Iowa Coal Beds. 
stantly in mind. With methods of boring more modern 
than those commonly in vogue thronghout the western 
states, there is every reas~n to believe· that, in the Lower 
Coal Measures especially, the large majority of good coal 
veins twelve inches in thickness and over encountered in 
prospecting can be traced readily and easily to localities 
where they are thick enough for profitable working. 
Intermpted COllthmity of the Coal Bed •. -in Iowa tho 
restrictions upon the distribution of the individual seams 
are not numerous as compared with those of other regions. 
Yet there are disturbances of various kinds which break 
the continuity of the coal strata, locally interfering seri-
ously with mining operations. They are referable to the 
three general agencies of deposition, el'osion and dislo-
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cation. The irmgularities of deposition lire due to (1) un-
evenness of the 1I00r and (2) presence of varying currents 
at the time the beds were laid down. The eWects of the in-
equalities of the bottom-the result of erosion or other 
causes-are to terminate the coal layers abruptly against a 
wall in an old channel or gorge; to cause a rapid thinning 
and disappearance of the bed, as in the neighborhood of 
an ancient elevation; to subdivide a coal basin, as when 
sharp ridges traverse the area. Or, the converse of these 
resnlts are eWected in an those cases where depressions are 
present instead of elevations, causing local·increase in the 
thickness of the coal. The existence of former curreuts 
results iu au unequal accumulatiou of bituminous mate-
rial. 
The most serious interfereuce with the continuity .of 
coal beds arises from erosion. The erosive eWects of later 
geological or post-glacial ~iines are easily inferred from 
the present topography of the region, and cause but little 
embara.ssment in mining operations. The work of pre-
glacial degradation cannot be read from existing topo-
graphical features. Some of the most familiar phenom-
ena of this kind met with in mines are old channels 
filled with sandstone or shales that cut oW abruptly eveu 
the thickest coal veins. The accompanying figure 13 repra-
8G.Rtp. -
\ 
\ 
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sents n section in, the Polk County Coal Mine in which 
an old gorge is buried by' glacial debris. Elsewhere 
these ancient waterways are filled up with arenaceous ma-
tel'ial of Carboniferous age. 
So far as is known, regular faults are of little· conse-
quence in the Iowa Ooal Measures; though small local 
slippings are often encountered. 
MISSOURI FORMATION, OR UPPER COAL MEASURES. 
Lithology oj the Upper Goal Mea""rlJiJ. 
Glay-ShallJiJ.-As in the lower division of the Iowa 
Ooall'iIeasures the argillaceous materials of the upperpart 
predominate over the other components. But instead of 
being as a rule dark colored, the clays of the upper divis-
ion are light colored-calcareous rather than bituminous. 
The transitions from one lithologically distinct bed to an-
other are much more gradual and the layers far more per-
sistent than in the Lower Coal Measures. A pure clay 
,stratum acquires more and more calcareous material until 
through various shaly stages it eventl1ally becomes a well-
marked limestone. The clays carrying a high percentage 
of lime are popularly termed n marlites,)J and commonly 
yield large numbers of molluscan shells in a good state of 
preservation. Although there are many bituminous 
shales in the Upper Coal Measures of the State they are, 
for the most part, quite limited. 
LimlJiJtonlJiJ.-Next to the clays'the limestnnes rank in 
importance in the making up of the Upper Coal Meas-
ures. Their presence forms the m~~t prominent litholog-
ical difference between the upper and lower divisions. In 
thickness the beds vary from only a few inches to thirty 
feet, and even more. Many of the bands are some-
what earthy, but very compact, and break with a coo-
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choidal fractmo. The heavy layers may pe thick-bedded or 
thin-bedded, the latter being the more common. Fossils 
abound in nearly all the Iimerocks, especially those in-
closed in calcareous shales. 
The limestones, even in thin Dallds, are the most per-
sistent of all the strata of the region-single beds having 
.. B wide geographical extent. Hence, in the recognition of 
horizons at different places the layers in question become 
very valuable as means of correct correlation. 
The hard, cBlcareous beds, beginning in the uppermost· 
part of the Lower Coal Measures with a few thin, impure 
bands of very limited extent, rapidly increase in number, 
thickness and importauce upwards until, at the top of the 
series, they form great beds. 
Arenaceot!8 Materials.-The s~nds of the Upper Coal 
Measures are largely <lisseminated through clays forining 
sandy shales or shaly sandstones. The massive sand-
stones are not common. They are chiefly confined to 
• limited layers of a few feet in· thickness.. Occasionally a 
bed of considerable vertical measurement is· met with in 
the lower portions of the. formation, but it is always very 
local. 
Coal.--Over a large pari of the Upper JlIeasures coal 
seams. of economic importance are not common. Deep 
boring, however, will probably disclose a large amount of 
workable coal. In fact this has already been accom-
plished with profit at Leavenworth, Kansas, and neigh-
boring places. 
Stratigraphy ~f the Upper Coal Measures. 
From the remarks made in regard to the lithological 
characters of the upper division of the Coal Measures it 
may be inferred that inasmuch as the rocks were largely 
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open-sea deposits, the stratigraphical continnity is more 
pronounced than in the lower section. This is, in fact? 
the case. Many of the beds' are continuous over broad 
areas. The limestones in particnlar may be t"aced long 
distances. 
Structu,," of the Iowa Coal Ncas'tJ·cs_ 
Heretofore the general impression has been that the-
Lower Coal :lIfcasures of the State were deposited prior to 
the laying down of the rocks of the Upper Division. Re-
cent investigation seems to show that the two were formed 
contemporaneously; and that the former is to be regarded 
as a marginal or· shore formation, while the latter is 
more of an open-sea deposit. 
It has already been shown that just previous to the 
deposition of the Coal Measures in Iowa, Missouri and 
Kansas contin~ntal movements caused the shore-line o~f 
this region to recede several hundreds of miles to the 
southward. For a considerable period-during the Kas-
kaskia epoch-erosive agencies were actively at work on 
the land surface which extended southward about as far 
as the present city of Saint Louis. Shore deposits-sand 
and clays-were laid down immediately beyond the place· 
just mentioned, while farther southward marine beds con-· 
tinued to be formed conformably one above another. 
When a new period of depression set in, coal marshes 
were formed along the ever inland creeping shore-line. 
The more strictly marine deposits began to slowly extend. 
farther and farther northward, resting on the older cal-· 
careous beds as well as on the first formed marginal areas 
of sands, clays and accumulated vegetation. This pro-
cess with many brief intel'l'uptions con tinned until the-
old shore-line had again gained its former place near the 
present Iowa-Minnesota boundary. As represented in 
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figure 8, it will be seen that the coal 01' marginal beds 
were formed at the snme time as certain calcareous layers 
farther outward; mid that ail formations along any given 
horizontal line (nearly horizontal, bnt having a slight 
inclination to the southwestward-the ordinary seaward 
tilt of the layers) were deposited contemporaneonsly. On 
,a sinking coast the' mal'ginal sediment.s would have, con-
Figllre.S. Ideal Cross-Seclioll orthe. low" Carboniferous Rocks. 
tinnally, the later open-sea deposits laid down upon them, 
and tho covering of the coal-bearing strata by the calca-
reous beds would constantly take place as long as the 
depression of the shore continned. 
The. " Lower" Coal Measures are not, then, a series of 
beds laid down previous to the deposition of the" Upper" 
Coal Measures. Each particular part of the former was 
deposited at the same time as portions of the latter far-
ther seaward; the lines of contemporaneous deposition 
being lleady horizontal, yet having a commOll, though 
slight, seaward slope. As a whole, the' 'Lower" Coal i\feas-
ures do aotually lie beneath the" Upper" Coal Measures. 
Hut the line of separation is not a line drawll pt\raIlel, 
but obliqnely, to the planes of sedimentation. 
The essential difference between the two ideas is 
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graphically shown in the following diagrams (figures 9 
and 10): 
Figure 9. Popular Idea oClhe Relalions oethe Lower and Upper Coal Measures. 
Figure 10. Actual Relationso(Lowerand Upper-Coal ~reasures. 
Beyond the point of the southernmost extension of tile 
ancient shore-line, perhaps a little beyond the left hand 
terminus of the' cut (figure 8), the limestones of the. Upper 
Carboniferous would lie upou the Lower with. practically 
no evidence of any physical break. The faunas of the 
latter would continue into the former with little or no 
change. 
Osoillut;on of the Carboniferous Shore-Line. 
It is the province of Geology to trace the history of 
events. In proportion to the exactness with which this 
historical sequeuce is followed is the sketch of value in 
explaining the minor details of local and economic im-
portapce. Regarding the Carboniferous of the Mississippi 
basin the most significant problem centers around the 
oscillation of the ancient shore-line. This change is dia-
gramatically ShOlYll in the accompanying diagram, repre-
senting thc movement of the land margin in thc probable 
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direction of greatest shiftiug. (Figure 14.) As ah'eady 
shown, the De"oniau rooks are doubtless extended north-
WR1'd beyond the present lhilits of Iowa. 'foWQl'd the 
close of the Devonian period the sens over" this "egiou 
gradually contracted. This recession continued more 
rapidly as the Lower Carboniferous period was ushel'ed ill, 
until the watm'-line "eaohed nearly the preseRt southern 
boundary of Iowa. The Saint Louis epoch 1'epresented a 
"period during which "there was a general depression of tlie 
land, allowing an overlap .of the Saint Louis rooks of 
more than two hundred miles. Another cycle of g.·eat 
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continental ohange then'set in, rapidly pushing the shore-
line some five hundl'ed miles southward, to the vicinity 
of the preseut city of Sarnt Louis. For the" most part the 
Coal Measures represent a period of general, though not 
uninterrupted, subsidenoe. During the latter part of the 
period the waters receded rapidly faI' berow the boundary 
of both Missouri aud Iowa. A long time iuter"ened 
before the seas again occupied the Iowa territory. This 
. incnrsion was recorded iu the Cretaceous" deposits of the 
northwestern part of the State. Suqh is, in brief, a state-
ment of the shore-line chauges during the Ca1'boniferous 
in the upper 1\Iississippi ,'alley. 
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In: considering now the nature of the physical break at 
the base of the Coal Measures in lows and Missouri, at-
te1ttion must be directed' briefly to . It few of the leadiug 
sections' showing the line of contact between the t\""o 
formations .. 
One of the ·most· important exposures bearing upon the 
question. under consideration has already been fnlly 
described in conriection with the cross-section of the 
Lower Coal Measilres of the central part of the State; It 
'-Ivas showri; that in Marion county, between Harvey and 
Redrock,' a. distance of. ten miles, not less than seventy-
five feet of sbales were represented between two differont 
hbri~~Il; of the Ooal Measur~s reposing against the Saint 
. Liniis liiriijst6ne. The great pa~t of the vertical distarice 
jIlst referred to appears to be due to irreglilarities in. the 
IhIl~rock: which were :carved out through erosion prior to 
the ·iaying·down of tbeCoal Measures. . 
Near. Fairfield; in .Jefferson county, the Ooal Measure 
clays with their seams of carbonaceous niatter rest directly 
upOli the uneven surface of the Saint Louis marls which 
.cap t1>8 limestone of the same age, The Lower Carbonif-
erous:rock~ h81'ccolltain fossils in abundance . 
.;\.t Keokuk, .. Ooal Measure deposits are found iu 
'. numerous places llear the top of the' bluffs. The Saint 
Louis limesto!,e .as represented in this locality is partly a 
cillllpact· limerock, regularly bedded, partly a brecciated 
jimestolle. . Eve1"ywhere in the vicinitY the basal sand-
sto\Ie-:-a rather soft, friable rock of buff or brownish color 
.-,'-Povei's the uneven' channeled surface of the Saint Louis .. 
. lilllest\)],le.· Some of these sandstones with accompanying 
d; .. )qhales. apparently "est also on the Keokuk limestone. 
P'!ate ix shows a typical section, in which the sandstone is 
s~(m resting imme.diately upon the limestone. The latter 
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is brecciated; the former exhibits very marked croSB-
bedding. 
At varioug places in Keokuk and Mahaska connties 
borings, as well as exposures, indicnte that the inegular-
ities in the surface of the Saint Louis limestone are even 
greater than those in Marion county already explained. 
The borings just referred to are quite numerous and special 
care has been taken with them for the reason that search 
lvas in progress for a I C second" vein of coal-a seam 
much lower than the one being worked at present. In one 
place where. the Saint Louis limestone was exposed at the 
surface, ope"rations with a 'diamond drilf were begun with 
hopes of ·reaching the "lower" coal bed. The reasons 
given for carrying on the work in this manner were that 
a mile away the coal at present worked was many feet 
lower down than the limestone outcrop, and therefore. the 
coal beds must lie beneath. 
Relations similar to those above described have also 
been observed in connection with the Saint Louis lime-
stone and Lower Coal Measures· at FOl·t Dodge and else-
where in Webster county. Identical cases might be, 
given again and again, if it were necessary in the 
present connection. 
The unconformities in the Coal Measures have already 
been fully described in connection with the remarks On 
the stratigraphy of the region. The principal lines of 
local unconformity are shown in the section at Redrock, 
in Marion county, as lVell as other.pltices. These changes, 
with a number of minO!' oscillations of the shore-line 
northward and southw81'd, took plnce before the great 
period of land elevation closed the Carboniferous period 
in Iowa. . 
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Extellt Of t"e Coal Industry. 
Among the mineral products of Iowa that of coal takes 
first rank. The production for the fiscal year ending 
June 30, 1890, according to the estimates based upon re-
turns furnished by Mr. M. G. Thomas, State lInne In-
spector, an<.l from other sources, amounted to more than 
5,340,000 tons, valued at $7,750,000. The mining of this 
great quantity of fuel gives employment to about 9,500 
men. Besides, there are probably 8,000 additional men 
directly dependent for a livelihood upon the coal indus-
try of the State. . 
The coal mine operators eroploying ten men and up-
wards are nearly 350 in number. Small owners having 
less than ten employees would probably increase the 
total numb",' of separate organizations engaged in mining 
coal to something over 450. 
In regard to the total annual coal production in the 
United States the following table is deduced from Bulle-
tins of the Eleventh Census of the U niled States: 
Pennsylvania • __ ._ ••..•.••. _._ .. _ .• _; •••••• ____ ._ ._._._ ._._ 81.700,000 
Ulinois ____ •••• ___ • ___ ••• _____ • ___ • ____________ • ______ po _. 12,1~,000 
Ohio . ___ . ____________ • ___ . ________________________ • ____ ._ 9,900,000 
"'est Virginia . ____ • ____ po _ •• __________________________ • _. _ 6,200,000 
Iowa_. ___ • ___ • __ •• ___ •• ____ . __ •• _ • ________________ . __ .___ 5,ooo,oco 
Alabama ___________ ._. __ •• __ ._._~ ~ _________ .___ __________ J,3OO,000 
jl,laryland _____________________ • ____ •• _. _____ • ______ " •• ____ 2.900,000 
Indiana _________ •• __ • __________________________ •• ____ .____ 2,Soo,{X)O 
l\IissQuri _________ • ___ : ___ -' ______ • _____ ._ •• ___ • ___ ._._____ 2,500,000 
Colorado _________ • __ • _____ • ______ • _______________ ._.____ 2,300,000 
Kansas __ •• " _______ • _____ • _____ •• _. ________________ ._.____ 2,OOO,exx> 
l~rom the foregoing it will be noted that as a coal pro-
ducer Iowa ranks first among the states west of the lIns-
sissippi rh'er and fifth mnong the states of the Union. 
Const"i'llctionalllIatetials. 
The building stones of the Coal :Mcaslll'es are among 
the most important ill the State. In the lower division 
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sandstones are more commonly represented. They are 
usually friable and thiuly bedded, though certain localities 
yield massive freestones of very good quality. In l\IUSCfi-
tine county a considerable quantity of Carboniferons sand-
stone has been quarried for locnl use. Quarries in rocks 
of this kind haye also been opened in Webster, Boone, 
Jasper, Marion, Lee and Iowa counties. The best place, 
perhaps, in the State is at. Redrock, on the nes Moines 
riyer, about thirty miles below the capital of the State. 
The exposure is about one hundred feet high and sup-
plies a fine-grained, brick-red and yellow rock. Recently 
quarries haye been opened in this rock ou a large scale. 
Steam channellers are used and then the stone is sawed 
into blocks and slabs or" all sizes up to six feet or more. 
The Redrock sandstone has been used quite extensiyely 
throughout the State for architectural purposes. Besides 
a large number of other important buildings, the seyen-
story Essex bloak at nes Moines is faced with this stone. , 
The Upper Coal Measures, in addition to a fewlocal 
openings of sandstone, afford large quantities of good 
limerock. The most important quarries are at 'Vintel'set, 
Earlham, and near Council Bluffs, while smaller quar-
ries are scattered through nearly all the conn ties within 
the area of the Upper Coal :Measures. 
Throughout all of the Coal Mensures in Iowa occur 
unlimited quantities of clay of excellent quality for the 
'manufacture of paying, pressed, fire and 6theI' kinds 
of brick. An excellent quality of potter's clay and mate-
rial for tiling, terra-cotta, and in fact nearly all othe;' 
kinds of clay products, are plentiful. 
CRETACEOUS. 
The Cmt';ceous rocks of Iowa are confined chiefly to 
the northwestern part of the State. They probably occupy 
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a very considerable areR, but at present the eastern limit 
is not known definitely on account of the thick deposit of 
drift over all this part of the State. Aside from the inci-
denial references 10 the geology of this region made by 
the Long and other early expeditions, the first to call 
aitention to the rocks of western Iowa was Nicollet,* who 
identified as Cretaceous certain exposures above the mo~th 
of the Big sioux river. A.few years later, Owen,t in his 
reconnaissance of the upper Missouri region, gave a full 
account of the Cretaceous rocks along the western mal'gin 
of Iowa. A much more detailed examination of these 
rocks in the upper Missouri region was made by Meek 
and Hayden in 1853. A decade later Marcou! and Cap-
ellini§ described the Cretaceous strata in the neighbor-
hood of Sioux City. They also considered the rocks of, 
this age to extend down along the .lUissouri river to a 
point within a few miles of Conncil Bluffs. A year later 
White and St. John visited northwestern Iowa and re-
garded the rocks referred to the Cretaceous as separated 
into: 
(3) Inoceramus beds ...... _:. ________ ... _. _____ ._ .. _._._. __ ._ .. _ 50 
(2) Woodbury sands and shales _. __ . _____ . _______ . ______ ._._____ 150 
(I) Nishnabotna <;andstone _____ . _____ ._._. ____ . ______ ._________ 100 
StilI later McGeeli placed tho gypsum beds of Fort 
Dodge in the Cretaceous as its lowest member in Iowa. 
Beyond the probable eastern boundary of the dretaceous 
in Iowa occur numerous small pockets and outliers which 
~RepoIt Intended to lIIustmte a Map of the Hydrographic Basin ofthe Upper 
Mi3sissippi River, Senate Doc., ~6th Cong., 2d Ses., Vol. V, Part n, p. 231. 
"'ashington, 1841. 
tGeol. Rep. low3, Wis. and Minll., p. 194. Philadelphia, 1852. 
:nul. Soc. Goo!. de Frnnce, (2), t. XXIV. p. 56. Paris, 1866. 
~JI[em. Soc. Helvetique des Sci, Nal. t. XXII, pp. 1-2-1, 1867, 
!!lOth Census U. S., Vol. X, Special Report of Building Stones, p. 257. 
Wasllington, 1884. 
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have been refel'red to this age, The most important of 
these perhaps are some conglomerates found in scntter",l 
patches in different portions of central and northeast~rn 
Iowa, The largest of these OCClll' in Delawarc county 
and has been called by McGee the Rockville conglomer-
ate, lIfost of the ferruginous conglomerates referred to 
are probably Carboniferous instead of Cretaceous, Sim-
ilar masses are numerous in the Coalllfeasures themselves 
and often are unconformable with the uuderlying rocks. 
There has also been fonnd in the drift in different parts 
of the State J)l8ssive, soft, ferruginous sandstone boulders 
which sometimes contain.fossils. One of the most recent 
of these discoveries was made a short time ago in the drift 
at Des Moines. The mass is charged with fossils of un-
mistakable 'Cretaceous types, the greater part of which are 
in a good state of preservation. When first discovered the 
fragment was perhaps two feet in diameter and ,contained 
upwards of a dozen species of fossils. A few of the best' 
preserved specimens were taken at the time and the place 
revisited a few days later for the purpose of securing the 
whole piece, but unfortunately workmen had broken and 
removed it. The species obtained were: Otodus appendic-
'lLla!us Ag., Lamna 'Texa?l!L Roemer, Fasciolaria culblYl'stoni 
M. & H., and Lanatia conmnna lIf. & H. Announcements 
have already been niade of the occurrence in the drift of 
Iowa beyond the limits of known Mesozoic strata in situ 
of Cretaceous fossils and fossiliferous sandstone. WlIite 
has reported an Ammonite from Waterloo, Iowa, a frag-
,ment of Baculite from Iowa City ," and six specifically de-
terminable fossil forms from Hardin county ;t and he has 
*Geol. Iowa, Vol. I, p. 98: also Proc. Am. Ass. Ad. Ad., Vol. XXI, pp. :r:87-
19'. 
tAm. Geo!., Vol. I. p. 223. 1888. 
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shown that the .facies oUhe fossils in question has a close 
affinity with that of the fauna of the Fox Hills' group, or 
the uppermost portion of the marine Cretaceous of the con-: 
tinental interior. The recently discovered Des Moines 
specimens afford additional evidence in support .of this 
supposition. The good preservation of the molluscan re-
mains, though so fragile, together with the 'fact of the 
comparative softness of the ferruginous sandstone, suggests, 
as in the other instances· mentioned, that the fragments 
of Cretaceous strata are not far removed from the locality 
of original deposition. The satisfactory determination 
of the eastern extension of the Cretaceous in Iowa 'is 
attended with much difficulty, chiefly on account of the 
great depth of the drift, covering the northwestern portion 
of the state. Doubtless extensive outliers will be discov-
,ered considerably to the eastward of the present ascribed 
limits. 
During the past year a number of deep wells have been 
put down in various parts of northwestern Iowa. The 
depth of these borings vary from one to two thousand 
feet. All of those examined show that the drill has 
passed through from two to three hundred feet of strata 
'vhi<ih is undoubtedly Cretaceous in age. The principal 
wells referred to are those put down 'at Sioux City, 
Le Mars. Hull and Cherokee. At Peterson alid Emmets-
burgh similar records have been kept. These, investiga-
tions would clearly indicate that in Woodbury, Plymouth, 
Sioux, Cherokee, Clay and Palo Alto counties the Cre-
taceous deposits are well represented immediately below 
the thick mantle of drift. These localities' of Cre-
taceous deposits, so much farther eastward than has been 
generally supposed heretofore, and the considerable thick-
ness which these beds present along the line of the eastern-
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most places, go \0 show that the ,'ocks of this age douht-
less extend at least fifty miles still fmther to the eastward, 
The best natUl'al exposures of the Cretaceous now 
known in Iowa are along the Big Sioux river in Wood-
buryaud Plymouth counties, The latesthformation relat-
ing to these rocks may be gleaned from the notes of Professor 
Calvin, who has recently visited this region. His observ· 
ations are summarized in the following paragraphs: 
"A generalized section of the beds along the bluffs 
facing the Big Sioux river, omitting some details and 
averaging local peculiarities of certain beds, would bo: 
9. Calcareous beds consisting of chalk and soft. thin-bedded lime-
stone. containing shells of Inoceramus prob/wea/fells. Os/rea 
collges/a. and teeth of O/odus, P/J'chodIIS and other Selachians. 30 
B. Shales. more or less unctuous, somewhat variable in color and 
texture. containing remains of Saurians and teleost fishes, the 
upper beds sometimes bearing impressions of Iitoceramus 
prQb!cma!ictls _______________________ ~ ____ • __ ~.: ____ ._. _______ 40 
7. Argillo--calcareous or arenaceo-calcareous beds. -with much selen-
ite (varying with locality) ________ ._._. ______________________ _ 
6. Blue, yellow and red mottled clays (terra-cotta clays), with selen-
itecrystals and some streaks of sand ___________ • ____________ 30 
5. Band ofimpure lignite __ :. ____ • __ .________________ 4 to 6 inches 
4. Shales, with usually two, but sometimes more, well marked thin 
bands of ferruginous concretionary sandstone ("buttons" of 
the clay workers) ____ ::- __ ... _________ • ______________ .__________ 16 
3. Massive sandstone. mostly- soft, but in places containing large 
concretionary masses several feet in diameter; in appearance 
and hardness resembling quartzite._._. _____________________ _ 
2. Gray and monIed shales, with thin ferruginous bands and areria-
ceous layers _____________ • _____________________ • ___________ _ 
I. Irregular beds of sandstone. varying in color and lexture and in-
terstratified with ihin beds of shale .• _____ • ______ • ____ • __ ._.__ 18 
H Beds that are quite constant [lnd easily recognizable 
in the region abotlt the mouth of the Big Sioux river are 
numbers 3,4, 5YO and 9. These, either singly or col-
lectively, become the guides whereby the beds of the 
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several exposures may be correlated. The deposits were 
h'aced up the Big Sioux valley for a distance of forty 
miles; they were followed up the Missouri river as far as 
Yankton. 
"Below the mouth of Iowa creek, about three miles 
east of Ponca, Nebraska, the Missouri river washes the 
foot of a high bluff in which Cretaceous strata, iden-
tical in all essential respects with' those seen in Imva 
above the mouth of the Big Sioux, are exposed to a height 
of more than one hundred feet. The several beds of the 
preceding section, from 2 to 8 inclusive, are easily recog-
nized, and at the summit of the section, cropping out. 
from beneath the thick mantle of loess, are indications of 
the chalky beds of number 9. Farther up the river, al-
most directly north of Ponca, there is another splendid 
natural section which is more than a mile in length and 
at least 160 feet in height. At the base of the section are 
the beds seen below the month of the Iowa creek, while 
above all the sandstones and shales lie from twenty to 
thirty feet of rather harel·chalk and Inoceramus-bearing 
limestone. There can be no doubt that the beds near 
Ponca, Nebraska, are the exact equivalents of beds 
in Iowa. Indeed one, may look lIway from the exposure 
at the bend east of Ponca, across the plain' which is here 
the combined valley of the Missouri and Big Sioux, for a 
distance of ten or twelve miles to the corresponding 
exposures in Iowa. In the two bluffs that look toward 
each other from opposite sides of the plain, the same s,uc-
cession of strata may be traced that, but for the erosion of 
chalky, marly or calcareous beds which are the exact 
equivalents of the Inoceramus beds 0'£ Iowa, .are referred 
to, the Niobrara group. The dark ~olored shale, identieal 
with number 8, of the preceding seotion is oalled the Fort 
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Benton group, while all tho complex mass of alternating 
sandstones and shales in the basal portion of the expos-
ure is recognized as belonging to the Dakota group. 
HEetween Ponca and Saint James j about thirty miles 
in a direct line fart,her up the :MissQllri, the chalky beds 
of the Niobrara group crop out on nil the hill tops. The 
village of Saint James is situate,l in the valley of Bow 
creek, below tho level of the chalk. In the eastern edge 
of the viilage is an exposure of Fort Benton shales pre-
senting the same characteristics as seen at a recent land-
slide on the 'ViUiams and Smitl.l farm, a few miles 
north of Sioux City, Iowa, and at the exposures 
n~ar Ponca·, Nebraska. On the tops of the hills near the 
mouth of Bow creek the dark Fort Benton shales are snc-
ceeded by white or cream-colored chalk of the Niobrara 
division. 
" Saint Helena, about eight or nine miles above Saint 
James, is situated on a high bluff one hundred and thirty 
to one hundred and forty feet above the level of the Mis-
souri river. The bluff rises as a vcrtical wall almost from 
. the edge of the water. Between the river and the vertical 
escarpment the base of the bluff is concealed by a talus 
composed chiefly of great blocks of chalk, but above the 
talus and rising to a height of fifty feet above the water, 
is an excellent exposure of the dark shales of the Fort 
Beuton group, differiug in no essential respect from the 
corresponding shales exposed at the land-slide above the 
. creamery of Williams and Smith, or the shales occupying 
the same stratigraphical position near Ponca and Saint 
James. Above the Fort Benton shales lie ninety feet of 
soft chalk belonging to the Niobrara. The Niobrara beds 
at Saint Helena exhibit some points of difference from 
9G.Rep. 
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those seon on the Big Sioux, or on tho Missouri across 
the valley in .N obl'uska. 'fhe valves of Inocel'amus al'e 
no longel' pl'esent in lal'ge numbers, but some of the layers 
are crowded with Ostl'ca congesta. The beds are uniformly 
chalky throughout, no part of the deposit heing as much 
indurated as the Inoceramus-bearing beds Ileal' Ponca 01' 
Sioux City. The exposure at Saint Helena is probably 
one of the most striking and interesting along the rivel', 
and Hayden refers to it time and again in his work. 
(l At Yankton, South Dakota, a short distance above 
Saint Helena and on the opposite side of tilC Missouri, 
the Niobrara beds are developed in great force. A large 
factory has been established about three miles west of 
Yankton to ntilize the chalk in the manufacture of Port-
land cement. The part of the formation at present 
worked into cement lies above that exposed in the bluffs 
at Saint Helena. It presents a breast about forty feet 
high. Below the base of the present working the chalk is 
known to descend to a depth of about ninety feet. The 
Fort Benton shales have disappeared'beneath the level of 
the river; at all events, they lie below the level of any oh-
served exposures. On the hill tops above the cement 
factory the chalk of the Niobrara is overlain by the shales 
of the Fort Pierre group. Hayden speaks of this group 
as making its appearance on the summit of the hills near 
the mouth of the Niobrara, but he might have found it 
thirty miles farther east, developed to a thickness of fifteen 
or twenty feet. 
"The shales of the Fort Pierre group above the chalk, 
and of the Fort Benton gl'Oup below, are highly charged 
with crystals of selenite, and this mineral is by no means 
uncommon in the shaly portions of the Dakota group 
neal' Ponca and Sioux City. 
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"With reference to the taxonomy of the Iowa section, 
beds 1 to 7 inclusive are the stratagraphical equivalents 
of beds near Ponca, Nebraska, which Hayden refers to 
the Dakota group. Number 8 inclndes beds that at 
Ponca and Saint Helena have been referred to the Fort 
Benton gronp by the same author, and the Inoceramus 
beds, number 9, are the exact equivalents of the lower 
twenty or thirty feet of the Niobrara group. A part of 
the Inoceramus beds near Sioux City is soft and chalky; 
but a part, as has been said, is harder, though by no 
means as hard as ordinary limestone. At Saint Helena, 
Nehraska, and, so far as known, at Yankton, Sonth 
Dakota, the beds are chalky throughout, the difference 
being doubtless due to the fact that the Sioux City area 
was nearer the shore-line of the Cretaceous sea in which 
the beds were deposited. At Ponca, Inoceramus is about 
as common as at Sioux City, but the strata in which the 
shells are imbedded are lithogically intermediate between • 
the condition of the Inoceramus-bearing layers at Sioux 
City and the condition observed in the basal parts of the 
Niobrara group at Saint· Helena. Furthermore, the beds 
referred by Hayden to the Dakota and Fort Benton 
groups are as well developed at Sioux City as at Ponca. 
At Sioux City, however, we have only the attenuated edge 
of the Niobrara, but that fact in no way disqualifies so 
much as is developed from being the stratigraphical 
equivalent of the lower portion of the gl"OUP, as seen in 
greater force farther up the river. 
"The three divisions of the CretaceouS recognized at 
and near Sioux CiJ:y in reality represent continuous sedi-
. mentation over a gradually subsiding sea bottom. The 
sandstones and shales of the Dakota gronp, with respect 
to the lower portions at least, were accumulated in a 
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rather shallow, land-locked sea. OUlTents swept the sand 
hack and forth, sometimes building up and again tearing 
down previously constructed beds, and so produced" the 
fine examples of cross-be~ding, or current structure, so 
well illustrated near Springdale, a few miles northeast of 
Sioux Oity. The few molluscan species found iu the 
lower part of the Dakota group indicate the presence of 
brackish water. The numerous veget.able remains whioh 
characterize the group imply that the large volumes of 
drainage water which maintained the conditions favor-
able to the existence of brackish-water mollusks carried 
not only sand but swept in leaves and trunks of the 
willow, poplar, magnolia, and other forest trees, from the 
adjacent lands. 
"As the waters became gradually and progressively 
deeper, owing to subsidence of the sea-bottom, the con-
dit.ions favoring the accumulations of sandstones and the 
existence of brackish-water mollusks disappeared. The 
shore-line was shifted farther to the east. The sediments 
of the region about Sioux Oity became finer and settled 
down in irregular layers beyond the reach of disturbing 
currents. The downward movement of the sea-bottom 
seeIllS not to have been altogether constant during the 
epoch of the Dakota group. There were occasional oscil-
lations that from time to time permitted the form~tion of 
thin heds of sandstone, but before the close of the epoch 
the amount of sand that reached as far as Sioux City was 
insignificant, and fine clay-shales predominated. The 
shales of the Dakota group gradually merge into those of 
the Fort Benton. During the second epoch the subsi-
dence had carried the shore-line so far to the east that all 
c.oarse sands were deposited before reaching the area in 
question. Before· the Fort Benton epoch began the 
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brackish-water estuory had long been transformed into a 
portion of a clear open sea. At all events, during the 
epo.ch true morine mollusks such as Inoceramus and 
Ostrea had supplanted Cyrena and Margaritana, while 
mm'ine Saurians and teleost fishes multiplied and became 
the denominatIng types of the oceanic realm. 
"The soft limestone and softer chalk of the Niobrara 
group are indicative of still deeper water and remoter 
shores. Dnring this epoch no gross sediments from the 
land reached as far 3S Sioux City. Not since the earlier 
part of the Dakota group had it been pos.jble for leaves 
and twigs of forest trees to be carried into the region. It 
was during this Niobrara epoch that the subsidence 
reached its maximum and the maximum extension east-
ward of the Cretaceous sea was attained. Toward the 
close of this epoch the upward movement of the land 
bogan, the sea withdrew, and the shales of the Fort Pierre. 
group were deposited above the chalk from Yankton 
westward." 
There are two formations in Iowa which are probably 
Cretaceous in age, bnt whose exact stratigraphical posi-
tions are at present somewhat doubtful. These forma-
tions are the Fort Dodge gypsum deposits and the Nis1;ma-
botua sandstone. 
It has been shown in some of the preceding para-
graphs that the Cretaceous deposits in Iowa were laid 
down on a gradually sinking sea bottom; this being the 
case, the earliest deposits of this age would have been 
laid down along the western margin of the State. The 
later beds of this epoch represented in Iowa gradually 
form an overlap of considerable extent, probably reaching 
nearly to the Mississippi river. The lowermost Creta-
ceous beds represented in Iowa in the. vicinity of the Mis-
• 
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soud river would be the Woodbury formation (Dakota, 
in part, of Hayden). The Niobrara group would thus 
probably be represented eastward by shore sediments 
which would be the beds lying upon tho Paleozoio stmta 
of central and northern Iowa. The eastern marginal depos-
its have heretofore been refened to the lower instead of 
the upper Cretaceous rocks, insofar as they have been 
considered in Iowa. But the case is identical with the 
one already explained in connection with the remarks on 
the Coal Measures; and the marginal deposits. should 
probably retain tho name of W qodbury shales or sand-
stones. 
l\'JSHNAlJOTXA SANDSTONE. 
This sandstone, usually referred to the Cretaceous, 
has never been direotly traoed to outorops of the Wood-
bUl"y shales. The geographical distanoe between the near-
est exposures of the two formations, as at present known, 
is very considerable. If the Nishllabotna is Cretaceous; 
it may be the equivalent either of the Woodbury shales or 
of the Niobrara chalk; which oI}.e it is cannot now be 
stated. In "egm'd to the gypsum beds, their formation 
indicates a saline lake deposit, such as might be left by a 
retreating ocean. This fact, taken in connection with t~e 
probable great eastern .extension of the Niobrara, suggests 
that the Fort Dodge beds were formed during the retreat 
of the Niobrara waters through Iowa. At the present time 
it seems best not to attempt a specific correlation of either 
the gypsum deposits or the Nishnabotna sandstone, but 
merely regard them as Cretaceous in age. The sandstone 
and loose sands that have been called Nishnabotna are 
to be regarded as shore deposits along with numerous 
other beds of similar oharacter which occasionally are 
found as outliers through oentral and northern low •. 
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The Nislmabotna has a known maximnm thiok-
ness of one hundred feet. It is seen exposed in 
the southeastern part of Guthrie county, southern Mont-
gomery county and elsewhere in the westel'1\ part of cen-
tral Iowa. Quarries have been opened in these rocks at 
Lewis, in Cass county. In its lithological characters the 
formation varies from n fine or coarse-grained sandstone, 
white to dark brown in color, and usually quite friable, 
to a compact, ferruginous pudding-stone. Occasionally 
thin clay seams are intercalated. Beds of granl are not 
infrequent. 
FORT DODGE BEDS. 
This name is applied to the gypsum deposits and cer-
tain associated beds which are weIl exposed'in the neigh-
borhood of Fort Dodge. The gypsum attains a vertical 
measurement of from two to thirty feet; its average 
thickness being perhaps about fifteen or sixteen feet. It. 
occupies an area, in -the central part of Webster county, 
of about tW'enty~five square miles. It is traversed north 
and south its entire length by the Des Moines river, and is 
cut through by many of this stream's smaller tributaries. 
Probably more, thim one-half of the entire deposit has 
been removed through the erosion of the water-course. The 
Inost extensive exposures now open are about six miles 
below Fort Dodge. At Duncombe's quarry, on the south 
side of the river, the following section is shown: 
.=. 
4. Drift-clayand loess ----------____________ • ____________________ so 
3- Hea\ily bedded gypsum ______________________________________ 6 
2_ Hea\1ly bedded gypsum, somewhat impure ______ :._____________ 8 
.1. Dmb and Variegated days (Coal ~[easures). exposed.___________ ]0 
The gypsum exposed throughout the region is the 
massive variety. It is made up of thin layers alter-
nately white and drab, the former being very pnre. North 
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of Fort Dodge, nt Kohl's brewery, an old quuny face gives 
the following section: 
Figure I';;' Quarn--face at K\Jh\'s Brewel)'_ Fort Dodge. 
B. Drift _____ •..•••..•••.•.. ________ . __ .. ___ .. __________ . ____ .--. 30 
7. Soft, friable, buff sandstone, heavily bedded. ______ . ____ .. ___ .___ 5 
6. Argillaceous and sandy shales, alternately ____ . ______________ . __ 25 
5. Massive, buff sandstone, quite friable _____________ . _____ ._______ 2 
4. Blue argillaceous shales _______ . _____ ._. _______________ _ .______ 2 
2. Brown and reddish day, with sandy layers, and layers of white 
and gray bands of gypsum fTOm four to six inches thick and 
very undulatory __ .: ____ . __________ . _______ .__________________ 7 
I. Massive gypsum, exposed __________ "___________________________ 5 
Hidden tostream-beu_________________________________________ 5 
Nnmber 1 of this section is probably several. times as 
thick as the surface exposure indicates, and probably rests 
directly on the Saint Louis limestone. It is· a significant 
fact that in the sandy shales immediately overlying the 
massive gypsum beds thin bands of gypsum are inter-
calated. It is quite likely that leaves of plants will be 
found in these beds after a careful search. 
Along the. northern portion of its area the gypsum lies 
directly upon the Lower Carboniferous limestone just 
mentioned. but at its southern limits a considerable 
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thickness of Coal Mensure clays and shales intel'vene be-
tween the two formations. 
Barometric measurements of about twenty of the 
leading gypsum exposures show that the gypsum was 
deposited on a slightly uneven surface. 'I'he difference in 
elevation between the north and south' exposures is thirty 
feet, the northern part being the bigher. 
In the light of the recent geological observations in 
northwestern Iowa, which indicate that undoubted expos-
nres of the Cretaceons OCCur much farther eastwal'd than 
has heretofore been commonly regarded, it would appear 
that the gypsum beds and "the accompanying o,'erlying 
shales .may be considered as Cretaceous in age, and that 
they ·were probably deposited at the same time as were 
the Niobrara chalks along the Missouri river near Sioux 
City. 
Usea.-To some extent the massive gypsum of Fort 
Dodge has been quarried for building purposes. A num-' 
bel' of buildings and foundations have been constructed of 
this material. It has also been used quite extensively for 
heavy masonry. Its most important use, however, is its 
manufacture into stucco and land-plaster. During the 
past year more than fifty thousand tons of these matedals 
were manufactured in the vicinity of Fort Dodge. 
WOODBURY SHALES. 
As already intimated the typical outcrops of this form-
ation are to be seen in Woodbm:y county along the Big 
. _ Sioux river. The lithological characters have already 
been sufficiently described. The formation corresponds 
essentially with the Dakota and Fort Benton· groups of 
. Hayden. They represent shore deposit; and it seems 
desirable to retain the name in preference to the two 
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proposed by Hayden. "Woodbury", as defined by Wbite, 
expresses more accurately than any other name yet pro-
posed the lithological featui·es of the rocks as represented 
in Iowa. 
'fhe Woodbury shales are made up largely in certain 
places of the sandstone wbicb sometimes forms hard con-
cretionary masses not unlike quartzite. In some local-
ities these masses are so near together that they may be 
quarried to advantage for building-stones. The most im-
portant of these openings is in the vicinity of Sioux City 
and is known as Reese's Granite quarry. The rock 
has apparently all the qualities of the regular crystalline 
massive rocks. The greater portion of the Woodbury 
shales are argillaceous and afford inexhaustible quantities 
of good clay for thc manufacture of pottery, fi,·e amI pav-
ing brick. 
NIOBRARA CHALK. 
These beds in their chalky facies have been observed 
in Iowa in the vicinity of the Big Sioux river. They are 
probably represented farther eastward by more strictly 
shol·e deposits. Their lithological characters have already 
been given at length and their" economic value pointed 
out. 
SURFACE DEPOSITS. 
Over all Iowa, covering the indurated rocks to a depth 
from a few inches to two or three hundred feetJ is a Inantle 
of loose incoherent material. This material is chiefly of 
three kinds; kno,,;n a. the drift, loess and alluvium. 
The latter may he regarded as the deposits of the modern 
rivers; the former two as glacial debris. 
" ALI.UVIU)r. 
Little need he said here in regard to the alluvial 
deposits. They are the fine sedimcnts laid down in the 
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river valleys making up what are commonly known as the 
flood plains. Many of the riYer terraces arc also nllnvinl. 
These materials will be treated at length in another place 
in connection with an account of the soils of the State. 
DRIFr. 
To the heterogeneous mixture of clay, sand, gravol and 
boulders which are seen everywhere throughout the State 
has been applied the name of drift. Everywhere the pro-
portion of the drift constituents vary. 'rhey change 
l'apidly from place to place, passing from one phase into 
anotMr. The clay fOJ'ms by far the largest portion of the 
mixture and is usually mingled with morc or less fine 
saud. In color it has it characteristic bl'own 01' buff tint. 
\Vhe]] excavated the surface exposed quickly bmaks up into 
small cubic or angular fragments. It is commonly known 
as joint-clay. The sand and gravel often form consider-
able beds, yet they are usually quite limited in extent,. 
'rho boulders are chiefly fragments of crystalline masses 
of northern origin. They represent a great variety of 
eruptive and metamorphic l'~:)Cks. 
The drift is largely of glacic.l Ol'igin and, as shown' 
elsewhere 1 is made up in Iowa of two sheets. 'rhe lowest 
or earliest drift forms a part of the great drift mantle 
extending over northern United St.ates. In the :l\Iississippi 
valley it has its southerll boundary approximately along 
the line of the Ohio and Missouri riYers. The upper till 
belongs to a later glacial epoch, and is included within the 
,urea, bounded ~y what is known as the moraine of the 
Des :Moines lobe of the second great ice invasion. This 
forms a nar1'OW triangle in Iowa with its ap~x reaching to 
the city of Dcs Moines. 
According to McGee,* who has given particular atten-
iOU. S. Gcol. Sur., J Ith Ann. Rep., p. 540. Wasllington, 1893. 
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tiOl1 to the surface forlllations of northeasterll Iowa, '''l'he 
uppormost.~glacial deposit, which forllls the surface over 
half the territory I is a generally continuous ground 
moraine 01' slieet of boulder clay,yellow, buff 01' brown in 
color and interspersed with subangular or l'ounded and 
sometimes striated pebbles and boulders, much the greater 
proportion of which came froUl far beyond the limits of 
the State. Its surface not only exhibits characteristic ice 
moulding, but is, particularly in the northwestern portion 
of the territory, dotted with immense granitic boulders. 
Its continuity is commonly interrupted, not only by post-
glacial erosion along a few streams and by a few protruding 
crags of indurated rock, but through thinning out to a 
bare veneer upon the older deposits. The structure, like 
that of ice-formed deposits elsewhere, is fairly homogene-
ous in the large way, though heterogenous in detail; and 
its thickness ranges from a 'veneer to probab~y one hun-
dred feet, averaging perhaps twenty feet. It is noteworthy 
thatlthe element of pebbles and boulders is much less than 
is commonly found in homologous deposits in northeastern 
United States, but that at the same time the boulders 
reach exceptionally large dimensions. Thus the soil is so 
nearly free from pebbles as to yield readily to the plow, 
and the fields are easily cleared of oti,er boulders than 
the granitic masses which are so large as to be quarried, 
constituting a valuable source of building material. 
II Toward its periphery in general, but particularly in the 
south, the upper drift sheeL undergoes modification; the 
superficial boulders disappear, the materials become finer, 
the surface assumes a characteristic longitudinal ridging, 
the superficial portion passes into a loam, and the glacial 
deposit either grades upward into a superimposed mantle 
of loess or is overlain, with a certain ullconformity, by that 
TilE TWO nHU'T SHEETS. 141 
deposit commonly with an intervening bed of immediate 
character j and only rarely do local terminal moraines 
mark the margin of the deposit. 
H The lower till, or older glacial deposit, is the homo-
logue of the upper and newel', and its distribution is 
much the sarno, though its continuity is more frequently 
broken. Us' materials are much the same,. though the 
prevailing color is blue and the alternative color brown; 
the pebbles are more numerous and smaller; t.here is a 
dearth of huge granite boulders, and there is throughout 
the mass a larger proportion of green-stones than in the 
uewer deposits j and its thickness runs from a veneer to 
more than two hundred feet, so that despite its more 
frequent and larger breaks of continuity its average thick-
ness is perhaps twice that of the upper tilL. 
II There is a peripheral modification of this drift sheet 
more decided than that of the lower. Toward .its margin 
it differentiates into a lower member much like the mass 
of the deposit in the interior, and an upper member of 
clean, plastic day I sometimes laminated and bearing 
oth81' indications of water-layi'ng. rrhel'e is also a more 
general division of the deposit iuto a maiu body of boul-
der clay and an inferior bed of gravel, pebbles, cobbles, 
and boulders. No traces of a terminal moraine are found 
about the margin of this drift sheet. 
H The other glacial deposi~ is seldom exposed save in 
artificial excavations; but these indicate that over half 
the area the deposit passes up" ard into a soil 01' bed of 
humus charged with remains of arboreal vegetation. The 
identifiable remains of the ancient trees are chiefly sticks, 
logs, and stems of coniferous woods; but fragments 
of hard woods and also impr~ss.ions of leaves )md 
traces of other vegetation are frequently found. rrhe 
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abundance of these vestiges of an ancient soil and its p~o­
ducts are so abundant, so widely distribnted amI so re-
lated to tho indications of subsequent glaciation ,as to 
prove that the older drift sheet was covered with soil and 
largely clothed with forests before the later ice im'asion 
commenced; and the indications are that the old soil was 
much thicker and the ancient flora much more luxuriant 
than those of to-day. 
"The older glacial deposit commonly rests 'either on 
the indurated rocks 01' on a mantle of residuary material 
derived therefrom; yet few and scant traces of antece-
dent vegetation have been found at its base, The general 
destruction of the ante-Pleistocene surface and the greater 
thickness of the inferior glacial deposit suggest that the 
earlier glaciation was the more energetic and the long;r 
continued. 
"Toward the margin of the glaciated area, both,ill'ift 
sheets oecasionally pass into local deposits exhibiting 
glacial structure, though made up largely of local mate-
rials which are found only in valleys; and these deposits 
and the associated land fOl'ms are supposed to indicate 
that the attenuated margin of the ice first filled and after-
ward rode ~cross transverse valleys. IJ 
LOESS. 
This deposit is well displayed along the Missouri and 
Mississippi rivers and at numerous places ',throughout the. 
interior of Iowa. The following paragraphs, also gleaned 
from McGee in his study of the formation of the Missis-
sippi valley, well describe the leading features of the 
formation as represented in Iowa: 
" The macroscopical characters of the deposit are-mod-
erately constant; (1) it is commonly fine, homogeneous, 
I 
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fl'eo from pebbles or other ndYellt.itiollS mntter, nnd oither 
massive or so obscurely strnti6ed t.hat the bedding planes 
are inconspicuous; (2) it commonly contains unoxidized 
carbonate of lime in such quantity as to efferyesco freely 
with acid; (3) it freqnently contains nodules and minute 
ramifying tubules of carbonnte of lime; (4) in many 
regions it 'contains abundant shells of land and fresh-water 
mollusca; (5) it is commonly so friable that it may be 
removed with a spade or impressed with t.he fingors, yet it 
resists weathering and erosion in a remarkable manner, 
standing for years in verti!1ul faces and developing steeper 
erosion slopes than any other formation except the nlO1'O 
obdurated, clastic or Cl'Ystalline rocks. 
flIts microscopical churacters are much less constant: It 
is commonly a mass of indiscriminately commingled 
grains of quartz, and u great variety of other rocks, of 
ever varying size and degree of rounding by attrition j 
but in some localities and in certain strata the materials 
are coarser and graduate into sand, while in other local-
ities and in certain other strata they urc finer and more 
uniform and pass into silt or mud. 
n In short, while loess is one of the .most distincthie 
deposits of the entire clastic series, and while it is easily 
and, in most cases, certainly identified by student and lay-
men alike, them is probably no single characteristic of 
structure 01' composition that can be considcred. constant. 
If Despite the variability in its composition and struct-
urC and despite the peculiarity in its distribution, loess 
possesses one characteristic which is nearly, if not quite, 
. universal and which measures its value to man. Its 
chemical composition may imitate that of alluvium, drift, 
or rock j its matm'ials may be identical with those of 
granite, limestonc, sandstone, shale, or several 01' all 
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of these combined; but the materials are so com-
minuted Rnd so assorted as to render the mass friable and 
porous. So it absorbs the water' of the freshet "like a 
, sponge Rnd holds it for midsummer dronth, and dnring 
the drouth the waters are brought up by capillarity to 
nourish the plants at the surface: it yields ,to the plow 
like cheese to the knife and is neither bed rock' or boul-
der to intercept the roots of annual plant or sturdy tree, 
and the rootlet. penetrate to astounding d~pth. through 
the porous mass and gather sustenance from the finely-
pulverized rocks, d6bris, and the impl'isoned waters; the 
water and ail' circnlate freely, and the, acid of plant 
decomposition foUow them and render soil and subsoil 
alike fit for plant food. So the loess of the Rhine is 
famed for its vineyards; the loess of Mangolia supports a 
pastoral population in a region which without it would'be 
desert; the loess of the plains adjacent to the Missonri 
river brings agricultural' and pomological prizes in 
plenty to Ii region in which the pioneer feared to settle by 
reason of the limited rainfaU; and in northeastern Iowa 
the formation may be mapped by its fruitful vineyards 
and orchards, and by the capacious 'barns and commod-
ious farm houses built upon it. To I the farmer, who 
fcedeth all,' the loess is one of the most beneficent among 
the gifts ofthe earth." 
